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X n . LITERATURE H I 
I. I N T R O D U C T I O N 
In the general economy of the Belgian Congo, the production of 
palm oil has come to play an important rdle. Palm oil for export 
is produced by organised plantations and from natural palmeries , 
exploited by the local population. 
Despite early optimistic prognostications in respect of produc-
tion from natural palmery fruit of oil of satisfactory quality for 
industrial purposes, it quickly became evident that these expecta-
tions would not be real isedandthat in order to obtain the required 
quantities of good quality palm oil, other methods for its produc-
tion would have to be instituted. The solution of this problem was 
considered to lie in the creation of organised plantations. In these 
circumstances it was natural that the early oil palm plantations 
should be started in those regions, where natural pa lmer ies r e -
presented a feature of the existing vegetation. 
It was inevitable that some of these ear ly ventures should r e -
sult in comparative failure, owing to lack of fundamental know-
ledge on the succesful establishment of oil palm plantations. An 
investigation of the factors responsible for these failures revea l -
ed that wrong appreciation of soil quality, incorrect cultural 
methods and use of unsuitable seeds were mainly involved. It had 
not been sufficiently realised that the majority of the soils in the 
Belgian Congo consisted of highly weathered formations of inher-
ently low fertility and that forest density was not a satisfactory 
measure of the soil nutritional status. After the creation of the 
plantations it quickly became apparent, in some a reas , that ge-
neral growth and development were unsatisfactory, as manifested 
by a high disease incidence and low production. During the war 
years it was not possible to investigate these conditions owing to 
lack of staff, and the problem only received serious attention in 
the years , following the termination of hostilit ies. Investigations 
car r ied out immediately after the war, suggested that the p ro -
blems affecting these areas couldbe devided into two main groups: 
(i) diseases due to fungal attack; 
(ii) diseases of physiological origin. 
Later it was shown that, under certain conditions, these two 
groups may be closely related and that the incidence of fungal di-
seases is part ly governed by soil nutritional status. Based on the 
above considerations, it was evident that the use of appropriate 
mineral fert i l isers represented a valuable aid in resolving some, 
if not all, of these difficulties. Owing however, to lack of adequate 
satisfactory experimentation, no knowledge was available in r e s -
pect of the type and quality of fert i l iser , that might be required, 
nor were data available on the general economics of such t r ea t -
ments. Classical methods of soil analysis were unlike to be of much 
value in this respect, due to inadequate knowledge of the soils of 
these regions, and the only satisfactory method of approach at 
that time appeared to be by means of suitable field experiments,, 
which have the great disadvantage of being both combersome and 
long term in character . The application of new techniques to this 
problem, such as by means of leaf injection, t i ssue tes ts e t c . , 
were tr ied out but proved generally unsatisfactory when dealing 
with a monocotyledonus t reeculture. 
The application of foliar analysis to oil palm, as first suggest-
ed by Chapman and Gray in Malaya, was, therefore, investigated 
as a promising approach to provide a rapid means of diagnosis. 
Further experience has shown that a combination of soil analysis, 
field fert i l iser experiments and foliar analysis represents the 
only satisfactory solution at this stage to determine the qualita-
tive and quantitative fert i l iser requirements of oil palms. Each 
of these methods will be examined in more detail. 
A. F e r t i l i s e r e x p e r i m e n t s 
To date, these represent the only satisfactory method for de-
termining the means of correcting deficiency symptoms and for 
increasing the overall production of existing oil palm plantations. 
It must be recognised, however, that fer t i l iser experiments suffer 
from the great inconvenience that they must be, of necessity, 
complex and long term in character before data, from which r e -
liable conclusions may be drawn, are obtained, However, they 
still represent the only satisfactory method for the accurate de-
termination of optimal levels of fert i l iser applications. Thus, 
although in our present state of knowledge, fert i l iser experiments 
remain indispensable, it should be recognised that: 
1. Contrary to general opinion, Congo soils do not show that 
high degree of homogeniety, generally attributed to them. 
Thus, a ferti l iser experiment, covering only a smal part 
of the actual plantation provides data, applicable only to the 
soil type, on which it has actually been established and not 
necessarily to the plantation as a whole. In large plantation 
complexes, various soil types or fertility gradients may oc-
cur, which may only be determined by means of detailed soil 
studies but on the resul ts of which it is not possible to extra-
polate the results obtained from the actual experiment. 
2. In these circumstances, it would be necessary to lay down 
ferti l iser experiments on each soil type, obtaining in the 
plantation, representing a very costly procedure: 
3. Owing, to the changes, which inevitably occur in the nutr i -
tional status of plantation soils, due to the exportation of 
mineral elements with the final products and general degra-
dation by leaching of the soluble elements, it would be neces-
sary to maintain the field experiments throughout the life of 
the plantations. 
4. In young plantations, established on virigin forest land, the 
changes in the nutritional status, due to the rapid release of 
nutrients from the decomposition of forest cover, increased 
micro-biological activity and a high rate of weathering in the 
early years , are so rapid that these can not be detected by 
means of fertil iser experiments. 
It should be stressed, however, that, in the present stage of 
knowledge, the use of fert i l iser experiments is indispensable as 
an aid in the quantitative correction of deficiencies and as playing 
an important part in the interpretation of the resul ts of leaf and 
soil analysis. 
B. S o i l A n a l y s i s 
In temperate regions, advice on fer t i l iser policy may now be 
based on the data obtained from soil analysis. These are obtained 
by the use of neutral sal ts , buffered solutions and dilute acids to 
extract the "Readily available" nutrients, which, for the major 
part , a re adsorbed by the adsorbtion complex of the soil. From 
the analytical data accumulated over a long period, plus the in-
formation obtained from ferti l iser experiments and the cor re la -
tions between crop yields and analytical data for a wide range of 
soil types, it is now possible for soil chemists in these areas to 
determine the critical nutrient levels in such soils. In cases where 
an element falls below this cri t ical level, its application in appro-
priate form will result in an increase in production. 
It should be s t ressed however, that these cri t ical levels in the 
soil are valid only for one part icular soil type, for the same 
combination of colloidal and physical propert ies of the soil and 
for any part icular crop. There a re considerable difficulties in 
the interpretation of soil analytical data, which reduces conside-
rably the value of the soil analysis as a basis for a sound ' fer t i -
l iser policy. In point of fact, it is not possible to translate the 
chemical composition of a soil extract, obtained by conventional 
means, in t e rms of availability of nutrients to plant roots. This 
depends on a ser ies of factors mainly physical and colloidal, 
amongst which should be mentioned oxygen content, porosity, 
water relationships, soil temperature, all of which play their ' 
part in the uptake of elements by plant roots. Thus, two soils 
with the same . contents of citric acid soluble phosphorus may 
show a widely varying availability of this element, due- to diffe-
rences in s tructure, oxygen content or other factor(s), mentioned 
above. Another difficulty is introduced by the fact that the r eac -
tion of plant roots depends not on the concentration of the various 
nutrients in the soil, but on their activity, which, in turn, depends 
for the major part on the nature and amount of the clay minerals 
present, the organic matter content, the rat io between cations and 
anions and their actual concentrations. It has not yet proved pos-
sible to determine, in a simple direct way, the activities of the 
various elements in the soil. 
An added difficulty in the interpretation of soil analytical data 
results from the nature of the plant in general and from its root 
system in part icular . The amount of nutrients extracted by diffe -
rent plants species, growing under the same nutritional conditions, 
will vary in relation to their requirements and further depends on 
the extent and depth of the rooting systems. 
Under tropical conditions, the difficulties, mentioned above, 
a re of even greater importance for the following reasons: 
1) Insufficient data obtained from areas of known productivity a re 
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available to enable the necessary regressions to be determined: 
2) The number of fert i l iser experiments on oil palms, which have 
resulted in positive responses, a re still too limited to enable 
definite conclusions of general applicability to be drawn. 
3) The character is t ics of tropical African soils differ material ly 
from those of temperate regions. The former contain such low 
concentrations of readily available nutrients, due to their low 
adsorbtion capacity, their low organic mat ter content, and as 
a result of excessive leaching, that considerable difficulties 
are encountered in their determination in a neutral salt solu-
tion or dilute acid. 
4) The high content of iron and aluminium compounds resul ts in the 
fixation of phosphorus in a form, unavailable to plants, despite 
the fact that dilute acid extraction figures may be relatively 
high. 
5) It has not sufficiently been real ised that the constant weathering 
of the mineral rese rves and subsequent re lease of elements 
provides a steady supply of plant nutrients, so that it is im-
portant to determine not the availability but the total mineral 
reserves in these soils . 
C. F o l i a r A n a l y s i s 
The interpretation of the changes in the chemical composition 
of leaves is based on the conception that growth and production 
are directly related to the concentration of nutrients in the leaf 
tissue, irrespective of the character of the nutrient medium. An 
important advantage of this method is the fact that the nutrient 
status of the palm is directly and not indirectly determined. 
Having ascertained the relationships between the chemical leaf 
composition and growth and/or production, and knowing that fer-
t i l i ser applications result in corresponding changes in leaf com-
position, growth and production responses, the method of foliar 
analysis as a diagnostic tool offers considerable advantages over 
fert i l iser experiments and soil analysis for the following reasons: 
lJ/The reasons for bad growth conditions or low production levels 
are known immediately on completion of the foliar analysis, 
representing a very mater ia l saving on time; 
2) The anticipated effect of a response to fer t i l isers may be iden-
tified some considerable t ime, before the actual response is 
obtained, constituting a valuable advantage in those cases , 
where early information is required on the effect of fer t i l iser 
applications in plantations; 
3) Maps of plantations, based on the resul ts of foliar analysis, 
may be prepared at regular intervals, showing the nutrient 
status of the palms of each block. 
4) The rapid changes in soil nutrient conditions in young planta-
tions may be followed up, enabling recommendations to be made 
for appropriate fert i l iser applications, to ensure optimal growth 
of the young palms. 
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The above points suggest that the method of foliar analysis con-
stitutes a rapid diagnostic tool, on the resul ts of which appropriate 
fert i l iser policies may be based. 
A i m of t h e t h e s i s 
The aim of the present work is to investigate to what extent 
foliar analysis of oil palms is able to provide information on the 
qualitative and quantitative application of fer t i l isers to oil palm 
plantations. 
After examination of the l i terature on this subject and the choice 
of a sampling and an analytical technique, the influence of various 
factors, such as the morphological position of the leaflets, age of 
the palms, effect of climate and e r r o r s in the sampling and analy-
tical techniques on the chemical composition of the palm leaves 
require investigation. The relation between growth and produc-
tion of palms as related to leaf nutrient concentrations should be 
determined. The recognition of major element deficiencies. Ni-
trogen, Phosphorus, Potassium, Calcium and Magnesium, ' their 
cure and corresponding changes in leaf composition, induced by 
fer t i l isers , forms one of the main sections of this work. 
After showing that the method may be applied qualitatively, i. e. 
the diagnosis of deficiencies, the quantitative relationship between 
leaf composition on the one hand, and growth and/or production on 
the other hand,, as a function of fert i l iser application, will be ex-
amined. 
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II. L I T E R A T U R E 
The l i terature on the subject of Foliar Analysis is enormous. 
An excellent review of the investigations, car r ied out on a great 
number of crops, is given by GOODALL and GREGORY (1947). 
In Sweden, LUNDEGARDH applied the principles of foliar analysis 
to cereals (19 51), one of the r a r e examples, where the method 
has been used to advice on fert i l iser policy on a large scale. In 
the U. S. A., t issues tes ts are frequently being applied for p r a c -
tical purposes. 
CHAPMAN and GRAY, working in Malaya, were the pioneers 
in applying the principles of foliar analysis to oil palms (1949). 
More recently, OLLAGNIER, PREVOT and other workers of the 
"Institut de Recherches pour les Huiles et Oleagineux" in French 
Equatorial Africa (1952-1954)and BROESHART in the Belgian Con-
go (1950-1954) have continued these investigations. 
A review of the l i tera ture , with special reference to the ap-
plication of foliar analysis to oil palms as a diagnostic methodfor 
determining fert i l iser requirements, follows. 
(i) E x t r a c t i o n P r o c e d u r e 
Two main extraction techniques are used by workers on foliar 
analysis: 
(a) The determination of the readily soluble fractions of the va-
rious elements in the leaves; 
(b) The analysis of the total quantities of elements present in the 
leaves. 
(a) This determination is based on the concept that these elements 
have recently been taken up by the plant and, thus, indicate the 
present nutrient status. (THORNTON-1934, ULRICH-1941, EM-
MERT-1942, MORGAN-1935 and CAROLUS-1938). The method 
deals particularly with the elements Nitrogen. Phosphorus and 
Sulphur, which have been shown to play an important part in the 
formation of proteins in the protoplasm. The following extractants 
have been used: 
water (PAGE, BURKHART - 1941), 
2% acetic acid (EMMERT, CAROLUS) 
sodium acetate buffer solution (MORGAN-1937). 
In all these techniques, it is essential that the extractions are 
made on fresh material , as important changes in the proportions 
between the readily and non readily soluble fractions may take 
place, dependent upon the time elapsed between sampling and 
analysis. 
(b) Determination of the total quantity of elements in the leaves. 
This involves the wet or dry ashing of the plant material . LUN-
DEGARDH uses dilute hydrochloric acid as extractant and found 
12 
that a N/ l solution dissolves the total quantities of all metals 
present. 
With reference to foliar analysis of the oil palm, wet and dry 
ashing techniques were used by CHAPMAN and GRAY in Malaya 
and by the French workers (PREVOT, OLLAGNIER and SCHEI-
DECKER). As leaf samples from oil palm plantations have f re-
quently to be sent to a central laboratory by mail, the mater ia l 
should be oven dried, pr ior to despatch, precluding the possibility 
of determining the readily soluble nutrient fractions by one of the 
extractants, mentioned above. 
(ii) E x p r e s s i o n of A n a l y t i c a l R e s u l t s 
Analytical data may be expressed on a leaf, a unit leaf a rea 
(LINDNER, HARLEY - 1942-1944), on a fresh weight (van GIN-
NIKE N and BRUINSMA - 1938), on dry weight or on an ash basis . 
CHAPMAN and GRAY expressed their resul ts for rubber and oil 
palms, as a % of leaf ash, whereas PREVOT, OLLAGNIER and 
SCHEIDECKER (1954)prefer to present their figures as a % of dry 
matter . The latter method of expression is most commonly used 
by other investigators, although is has never been shown that any 
method has particular advantages. CHAP MAN and GRAY suggested 
that expressing data as a % of ash, saves a considerable amount of 
analytical work. This is not quite clear, as the ashing of plant 
t issues is a time consuming procedure. Moreover, they express 
their results as ratios between the several elements, implying 
that expressing leaf composition as a % of dry matter or as a % 
of leaf ash is not of primary importance. 
NICOLAS and JONES (1944) using the t issue test technique, 
have expressed their results on a semi-quantitative basis, i. e. 
high, medium and low. These simple analytical methods have 
the advantage that a great number of analyses may be car r ied out 
in a limited period of t ime. 
(iii) Lo c a t i o n of t h e S a m p l e s 
The chemical composition of the leaves depends very largely on 
their age and morphological position. Some elements, such as 
Potassium, and to a lesser extent, Nitrogen and Phosphorus, are 
translocated from the older to the younger leaves when the latter 
become deficient in one of these elements. Taking these facts into 
consideration. REMY (1903) and NIGHTINGALE (19 52) preferred 
to sample older leaves. On the other hand, certain elements, such 
as Calcium or Boron, are not translocated from the older to the 
younger leaves, and, consequently, Calcium and Boron deficiency 
always occur first in the younger leaves. ROACH (1945) pointed 
out that younger leaves are freer from contamination and that the 
influence of differences in physiological age are more easily 
eliminated. 
The necessity to compare the chemical composition of leaves 
of the same physiological age has been demonstrated by a great 
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number of investigators: LARSON (1933), WALLACE (1940), 
CHAPMAN (1941) and GOODALL (1943), In respect of oil palms, 
CHAPMAN and GRAY also showed that the chemical composition 
of the leaf t issue was dependent on the position of the leaflet on 
the frond and the part taken for analysis. The choice of the middle 
sections of the leaflets of the 17th leaf for routine analysis was 
based on the constatation that, under Malayan conditions, their 
contents of Potassium and Phosphorus were significantly c o r r e -
lated with production of the palms. This procedure was not fol-
lowed by the French workers , nor by BROESHART in the Belgian 
Congo; they found that the chemical composition of the younger 
leaves gave a relatively better indication of the nutrient status 
of the oil palms. 
Moreover, under African conditions, the 17th leaf is generally 
useless for routine sampling, as it is frequently dessicated or 
seriously affected by deficiency symptoms. 
In this connection, the question may be posed whether leaves, 
which are necrosed or show deficiency symptoms, may be utilised 
for sampling and analysis. GOODALL (1945), REUTHER and 
BOYNTON (1940) and DROSDOFF and PAINTER (1942) showed 
that, in such cases, the contents of other non deficient elements 
may have changed considerable, thereby increasing the difficulties 
in the interpretation of analytical data. This suggests that only 
healthy leaves should be taken for analysis. 
(iv) Inf l u e n c e of v a r i o u s F a c t o r s on L e a f C o m p o -
s i t i o n 
Independent of the nature of the nutrient medium, the chemical 
composition of leaves is influenced by other factors, such as 
climate, t ime of sampling, age of plants and light intensity. 
(LUNDEGARDH, MITCHELL, 1936, ULRICH 1943). A suitable 
sampling technique should be chosen so that, either a correction 
for these factors may be made or that their influence on the che-
mical composition of the sample is negligible (PFEIFFER - 1912, 
LAGATU and MAUME, and LUNDEGARDH). 
With regard to oil palms, no systematic investigation on this 
part icular subject has yet been published. 
(v) I n t e r p r e t a t i o n of F o l i a r A n a l y s i s D a t a 
Most investigators, mentioned above, and those listed by 
GOODALL and GREGORY, base their conclusions on the magnitude 
of the percentage Df the several elements, found in the leaves. 
The principle underlying this method of interpretation (ULRICH -
1948), is based on the assumption that plants will respond to 
applications of fert i l isers when the concentrations of nutrients 
in the plant tissue fall below a certain cr i t ical level. With a de-
creasing nutrient concentration in the plant, growth response, 
as a result of fertil iser applications of the nutrient in question, 
will increase. When the cr i t ical levels for the various elements 
are known for a standard sampling and analytical procedure, r e -
commendations for practical fert i l iser advice may be made. 
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L U N D E G A R D H , using index values to express the quantities of 
elements- in the leaves of oats and rye, adopts more or less the 
same principle, but he also takes into consideration the index 
values of elements, not present in limiting quantities in the leaf 
t issue, when estimating the probable response to a par t icular 
fer t i l iser (index value = mgm. atom/100 gm dry mat ter ) . 
In the opinion of L U N D E G A R D H , yield increases , due to fer-
t i l i ser application as a function of the index values, may be r e -
presented as concave hyperbolic curves , of the following nature: 
Y + a = b / x c . K ,^ in which 
x = index value; 
X = increase in yield after fertilising with a standard quantity 
of the appropriate factor; 
a, b and c, constants; 
K[ = interference factor representing the effect of a secondindex 
value 
Another method of expressing leaf analytical data is by means 
of ratios between two or more elements. The foliar diagnosis 
school of Montpeiller (LAGATU, MAUME 1924-1943) express N. 
P and K as a % of the sum of these elements. In Malaya CHAPMAN 
and GRAY used the K/P ratio in the leaves as an indication of the 
nutritional status of oil palms. The leading idea is the hypothesis 
that growth and production of crops is ra ther a function of the 
balance between the various elements in the leaves, than a ques-
tion of the absolute levels. 
Van GINNEKEN (1943), expressed the elements in the leaves of 
sugerbeets as a % of the average normal content of a certain area . 
By means of vertical diagrams, he was able to compare deviations 
from this average ("100 % lines") for each par t icular case. 
STEENBJERG (1951) showed that yield, as a function of the 
percentage of a certain element, e.g. P and Cu, in the leaf t i s -
sue, may be represented by a curve with a minimum. This means 
that, in cases of extreme deficiency of a part icular element, its 
concentration in the leaf maybe medium or even high. Applications 
of this element as fer t i l isers will, in such a case, decrease the 
concentration in the leaf, due to rapid growth of the plant and 
"dilution" of the leaf components. STEENBJERG points out that 
the curve representing yield increase as a function of one element, 
applied as a fert i l iser, may be sigmoidal instead of parabolic, 
logarithmic or hyperbolic, as is generally assumed by many 
investigators. 
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IH. C H O I C E O F M E T H O D S O F A N A L Y S I S 
(i) P r e p a r a t i o n of S a m p l e s a n d E x t r a c t s 
The determination of the readily soluble fractions in leaf t i s -
sues will, under the conditions of the present investigations, 
encounter many technical difficulties, It is essential that the leaf 
t issue be examined immediately after sampling, as important 
changes in the readily soluble fractions rapidly take place. Ana-
lysis of the total content of the elements in the leaves, expressed 
as a % of ash or of dry matter , remains the only possibility. As 
regards the method of expression of analytical data, it is not pos-
sible to make a definite choice, before it has been shown that one 
is preferable to the other; expression both as a % of ash and of 
dry matter must be compared before a final choice is possible. 
It should be pointed out, however, that unless the samples are 
properly dried and packed, p r io r to despatch, the determination 
of various constituents as a % of dry matter , may result in e r -
roneous resul ts , owing to the fact that fungae and bacteria may 
have attacked the samples during t ransport . 
(ii) C h e m i c a l A n a l y s i s 
The following determinations were car r ied out on each sample: 
1) Potassium as K. 
2) Phosphorus as P. 
3) Calcium as Ca. 
4) Magnesium as Mg. 
5) The ash content as a % of dry matter . 
It has not been possible to ca r ry out. Nitrogen determinations, 
involving a considerable amount of analytical work on a separate 
sub-sample as opposed to K, P, Ca and Mg, which a re easily 
determined in the same extract . 
The choice of the analytical methods were a compromise between 
accuracy and rapidity. It is regrettable that greater rapidity is 
generally accompanied by reduced accuracy, but the former is 
essential , where a large number of samples have to be analysed 
in a limited period of t ime. On the other hand, until such time as 
the e r r o r s involved in sampling and the magnitude of the changes 
in leaf composition, due to external factors such as climatic and 
soil conditions, have been determined, the greatest possible 
accuracy is desirable. 
Spectographic analysis has proved very satisfactory in Sweden, 
where LUNDEGARDH devised a special flame spectograph. 
Flame photometry and micro t i t r imetr ic methods have been 
used for this kind of work by many investigators. The advantages 
of the latter, as compared with spectographic methods, are that 
the equipment is much less costly and does not require highly 
specialised laboratory staff and conditions. 
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Colorimetric methods, although commonly used, have the d i s -
advantage in the t ropics that the colour intensity of the solutions 
is influenced by temperature changes. The intensity of the colour 
solutions has always to be compared with standard solutions, con-
taining known quantities of the element to be determined, the 
comparison being made by means of a photo-electr ic color imeter . 
The analytical procedure, adopted for this work may be s u m a r -
ised as follows: (for full details, see appendix). 
1) Preparat ion of Extracts . 
The leaf samples a re cleaned with a cloth or, if necessary 
washed with distilled water. After rejection of the midribs , the 
middle sections of the leaflets a re dried at 10 5° C a n d ashed. 
Ashing takes place in a muffle furnace at a tempera ture , which 
does not exceed 550° C. The ash content as a % of dry mat te r is 
determined. 
A known quantity of ash is digested in a mixture of concentrated 
sulphuric and nitric acids, for oxydation of possible C content. 
The digest is made up to standard volume with 3% acetic acid after 
neutralisation with caustic soda (phenolphthalein as indicator). 
Silica is removed by filtering the extracts , and from this fil-
t r a t e aliquots are taken for the analysis of K, P, Ca and Mg. 
2) Potassium Determination, 
K is precipitated with a solution of sodium cobaltinitrite, to 
which si lver nitrate has previously been added. 
The intensity of the stable blue colour, which develops when 
ammonium thiocyanate in alcoholic solution is added to this p r e -
cipitate, is measured by means of a Hilger Spekker Absorbtio-
meter . 
The actual percentage of K is read off a graph prepared from 
the readings obtained from a range of known standard K solutions. 
3) Phosphorus determination. 
The intensity of the blue colour, which develops when ammonium 
phosphomolybdate is reduced by stannous chloride, is measured 
with the Hilger Spekker Absorbtiometer and the P content read 
off a graph, prepared for P . 
4) Magnesium Determination. 
To an aliquot of the extract, titan yellow is added. Caustic soda 
forms a red lake with the Magnesium titan yellow complex. P r e -
cipitation of this red complex is prevented by means of the addi-
tion of a glucose solution. The intensity of the colour is determined 
by means of the Hilger Spekker Absorbtiometer, and compared 
with a range of known standard solutions. 
5) Calcium Determination. 
The Ca content is determined by the precipitation of Ca as 
oxalate and subsequent titration with potassium permanganate 
in the presence of sulphuric acid. As the quantity of oxalate is 
very small and only N/100 potassium permanganate is used, a 
se r ies of know standards is always included and the Ca content 
of the aliquot determined graphically. 
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General. . . . . . . . . . . -
Under tropical cohditibris, rapid fluctuations in temperature 
often introduce considerable variation in the speed of developing 
and fading of the coloured solutions. It was found to be essential 
to include a complete set of standard solutions with each se r ies 
of determinations. 
Cooling of washing solutions, such as acetone for the K de-
termination to remove the excess of reagent, proves to be ad-
vantageous, as the quantity of precipitate lost with washing was 
reduced to a minimum. 
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IV. S A M P L I N G T E C H N I Q U E 
The choice of a s t a n d a r d s a m p l i n g t echn ique , depends on two 
f a c t o r s , influencing the c h e m i c a l c o m p o s i t i o n of a s a m p l e : 
1) The va r i a t i on of the leaf c o m p o s i t i o n a s a function of o t h e r 
f ac to r s than so i l condi t ions , such a s age of l e a v e s , a g e of 
p a l m s , and c l i m a t e ; 
2) The sens i t i v i ty of the leaf t o changes in so i l nu t r i en t c o n -
di t ions , a s r e f l ec ted by a l t e r a t i o n s in t he c h e m i c a l c o m p o -
s i t ion of the leaf. 
The idea l s a m p l e for rou t ine a n a l y s i s , would be one, s e n s i t i v e 
in i t s r e a c t i o n to va ry ing so i l nu t r i t i ona l cond i t ions , but whose 
c h e m i c a l compos i t ion is not o r v e r y l i t t l e inf luenced by o t h e r 
f a c t o r s , such as age of the p a l m s and c h a n g e s in c l i m a t o l o g i c a l 
condi t ions . 
As the a im of leaf a n a l y s i s i s to obta in i n fo rma t ion on s o i l 
nu t r i en t condi t ions , the influence of a l l o t h e r f a c t o r s m u s t be 
d e t e r m i n e d to enable c o r r e c t i o n s o r e l im ina t i ons to be m a d e . As 
c a u s e s of v a r i a t i o n in the c h e m i c a l compos i t i on of leaf s a m p l e s , 
o the r than va ry ing so i l nu t r i t i ona l condi t ions m a y be men t ioned : 
1) Loca t ion of the s a m p l e ; the c h e m i c a l compos i t i on wil l be 
different for leaf le ts t aken f rom the t i p , m idd le p a r t o r b a s e 
of the l e a v e s . 
Also the physiologival age of t he l e a v e s m a y be of i m -
p o r t a n c e . 
2) Influence of the age of the p a l m on leaf compos i t i on . T h e r e 
m a y be a difference in the c h e m i c a l c o m p o s i t i o n of c o m p a r -
able s a m p l e s t aken f rom p a l m s of different a g e s . 
3) The influence of c l i m a t e , d ry and wet s e a s o n s , r a in fa l l , 
r e l a t i v e humidi ty and inso la t ion e t c . Inves t iga t ions should be 
made to d e t e r m i n e whe the r s y s t e m a t i c d i f fe rences ex is t in 
the c h e m i c a l compos i t ion of s a m p l e s , t a k e n at i n t e r f a l l s 
dur ing the y e a r , t o s tudy the influence of d ry and wet p e r i o d s 
and o the r c l ima to log i ca l f a c t o r s . 
4) Sampl ing e r r o r s due to dai ly v a r i a t i o n s in the c h e m i c a l c o m -
pos i t ion of the s a m p l e s , s m a l l d i f fe rences in age and e x -
p o s u r e to sun e t c . 
5) E r r o r s in the ana ly t i ca l t echn ique . 
E a c h of the above poin ts wil l be e x a m i n e d in m o r e de ta i l . 
( i ) L o c a t i o n of t h e S a m p l e 
Tab le 1 shows the c h e m i c a l compos i t i on of the midd le p a r t s of 
l ea f l e t s , s a m p l e d a t d i s t a l ends , be tween th i s and the c e n t r e , 
be tween the c e n t r e and the b a s e , and at t he b a s e of the l e a v e s of 
differing phys io log ica l age . 
The phylo tax is of t he oi l p a l m is 5 /8 , and consequen t ly leaf 9 
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T A B L E 1 
EXAMPLE OF DISTRIBUTION OF K, P , Ca and Mg IN T H E 
LEAVES O F AN OIL P A L M 
(Data a s a % of a sh ) . .•• 
L e a l 
number 
Leaf 1 
. 
Leaf 5 
Leaf 9 
Leaf 13 
Leaf 17 
P a r t of 
leaf 
Tip 
Half way Tip 
Cen t r e 
Half way Cen t r e 
Base 
Tip 
Half way Tip 
Cen t r e 
Half way C e n t r e 
Base 
Tip 
Half way Tip 
Cen t r e 
Half way c e n t r e 
Base 
T ip 
Half way Tip 
Cen t r e 
Half way C e n t r e 
Base 
T ip 
Half way Tip 
Cen t r e 
Half way c e n t r e 
Base 
% K 
19 ,4 
22, 1 
24 ,6 
23, 9 
2 4 , 4 
16 ,8 
16 ,7 
19, 2 
22, 1 
25 ,0 
19 ,8 
2 0 , 8 
18 ,0 
22, 1 
22, 1 
15 ,9 
15 ,0 
18 ,6 
17 ,6 
18,6 
13 ,9 
19 ,0 
1 9 , 5 
16 ,8 
20 ,0 
% P 
3,58 
3,26 
4, 25 
3,97 
4, 28 
2, 74 
3, 14 
3, 12 
3 ,31 
4, 50 
2 ,60 
2 , 8 5 
%Ca % Mg 
7 ,6 
6 , 1 
6, 3 
6 ,0 
6 ,0 
8, 5 
8, 2 
7 , 3 
7 ,7 
7 , 1 
11 ,0 
1 1 , 1 
2 , 8 4 10, 4 
2 ,94 
2 ,92 
10, 5 
7 ,2 
2, 65 10, 0 
2 ,90 9, 2 
3, 24 10, 7 
3, 37 
3 ,42 
2, 12 
2 ,23 
2 ,70 
2 ,70 
10,7 
9, 3 
1 2 , 1 
11, 8 
11, 3 
1.1,8 
2 , 5 5 11, 1 
3, 12. 
2, 64 
2, 68 
2, 47 
2, 32 
3, 08 
3, 06 
2, 64 
2, 12 
1,86 
3, 75 
3, 89 
3, 29 
3, 59 
2, 81 
3, 50 
3, 12 
3, 15 
3 ,01 
2 ,65 
3, 55 
3, 47 
3, 94 
3 ,94 
3,49 
Ash a s a 
d r y ma t 
6, 62 
6, 22 
6, 50 
7, 14 
7 ,90 
5, 74 
5,88 
5,6 5 
6 ,08 
6, 27 
6 ,44 
6 ,04 
5,84 
6, 26 
6, 31 
6,06 
5, 53 
6 ,03 
6, 27 
6, 58 
6, 50 
6 ,04 
5,96 
6, 22 
6, 15 
-1-25 
Figure 1. Phylotaxis of the Oil Palm 
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is found under the base of leaf 1, i. e, ,the youngest fully opened 
leaf (see fig. 1). Leaf 17 lies immediately under leaf 9, leaf 5 
is opposite leaf 1, whereas leaf 13 is found under the base of leaf 
5. Under Congo conditions, leaves older than the 17th, are often 
dessicated, as was mentioned previously, and have not been 
sampled for analysis. 
From table 1 it may be seen that the composition of the leaflets 
taken from the tip of a leaf, are not comparable with the compo-
sition of the leaflets taken from the base. 'The tips have a lower K 
and P content, but a higher Ca and to a lesser extent, Mg content. 
Leaves of different physiological ages show variations in chemical 
composition; older leaves have a lower K and P content and a 
higher Ca content than younger leaves. It will be evident that, 
where the chemical composition of leaves of different palms is 
compared, samples must be taken from identical par ts of leaves 
of the same physiological age. 
In the following investigations a standardised sampling technir 
que has been adopted and consideration given to samples taken 
from the central par ts of leaves. As CHAPMAN and GRAY have 
shown that also the chemical composition of t ips, central parts 
and bases of the leaflets may be different, only the middle sect-
ions of the leaflets have been considered in the present investiga-
tions. From the data in table 1 it is not possible to make a definite 
choice as regards which leaf should be sampled for routine p rac -
tice. In our preliminary investigations, samples have been taken 
from the central parts of the youngest fully opened leaf and from 
the 9th leaf for the purpose of determining sensitivity and varia-
bility. • 
(ii) A g e of P a l m s , C h a n g e s i n C l i m a t i c C o n d i t i o n s 
a n d C h e m i c a l L e a f C o m p o s i t i o n 
the 
The determination of the influence of the age of the palms on 
w.  chemical composition of leaves of differing physiological 
ages, and its possible interactions with changes in climatic con-
ditions is not an easy procedure, as under plantation conditions, 
differences in planting technique, in cultural methods, origin 
of seed and varying soil conditions can not be eliminated. Only 
in cases , where replacements have been made in a young block, 
may the chemical composition of palms in limited area be con-
sidered as not having been influenced by one of the above factors, 
and possible differences between palms of different ages be de-
termined at various times of the year. 
An experimental area was chosen in a block in which the origi-
nal palms had reached the productive stage, but in which repla-
cements, which were still in the vegetative stage, had been made 
later. The light conditions for all the palms were similar , and 
there was no shading effect of the older oh the younger palms. 
20 productive and 20 replacement palms in the same vicinity 
were selected at random and sampled at monthly interfalls during 
a period of one year. Samples were taken from the first and the 
21 
w 
n 
< 
a rt 
3 -• 
& 
rt 
s 
rt 
a; 
rt 
3 
•tH 
o 
O 
•a 
0) 
§ a 
p 0) 
o 
o , 
CO 
o 
OH 
CD 
"a 
O O O J t D ^ i - H O M C O C O i n M O S 
» Q O N m ^ 01 co co in m .-* w »-« 
o * * * « « . * * « . , « * * 
0 0 0 0 0 0 0 0 0 0 0 0 
b f l c - i c o c n o c o c o ^ c o c o r - c o o 
O * . , * * * . » . > « « * . , % 
S o o o o o o o o o o o o 
o ^ t > o ^ c o m c o c o o o c D i o 
• r t C O o m r - i - H O a f N e o c o o a f M i r -
o * * * % * % . . * . » * . . - . 
0 0 0 0 0 0 0 0 0 0 0 0 
bo •«}* ^ c - t o c M o a c o c o c o c n c n T - i 
C C O C O C O O T O l r t C ^ C - C O C i C O ^ 
^ O O O O O O O O O O O O 
O i O t - O i t - c o c o c o o i c o r - e a 
f r t O C " t - C O C O C 4 0 5 l O C O r H O ' - < 
r - t C - l > C O ( O C D t 0 C D C - C * « t - C O t -
o * « . , « « . » % * * % . . * 
O O O O O O O O O O O O 
t u D t N C M i n - t f i - i i - i N a i ' - ' c o m ^ 
C - ^ O M ^ O l r t ^ H ^ O J c ^ O O 
3 t - C 0 f - C O C D t * - t O C D C f i t - l > C -
O * * » « « « * . » • > % * • » 
> > o o o o o o o o o o o o 
c$ c ^ e D c o r - c - ^ c o c o c o ^ T - H 
- r t ' - H c o c o c n o o a P i c o o a a e ' s c o 
o , ^ , , * - , , * , . » . . * 
O O O O O O O O O O O O 
b f l T f i o m . c D ^ H C O t H o c o m o w 
G C 0 t - H i - t O 0 5 0 5 W C T ) i - H C D C ^ 0 0 
^ m c o c o c o m i n c o i n c o i n m i n 
> > O O O 0 O O O 0 O 0 0 0 
c o i o o O ' ~ i c o O ' - < O i o O i - i i o 
• O O O O O O O O O O O O 
t u O c o i n a j i n c o c o c - ^ o ^ o s c -
G < N t D C O l ^ a 3 C O O O C > J C T > r - m 
p 3 i - H T - H r - ) t - C r H i - H C ^ C ^ C ^ ^ - t T - H ^ H 
> > 0 0 0 0 0 0 0 0 0 0 0 0 
CO C O ^ r H C O O C ^ C M C D C O C O c D 
T - j O J O O O C O O O O C O r H r H O ) 
r H ^ H C M ( M C < I i - l ( N ( N ( M C N I C N C M r H 
o * . . . , . . . , * * . , . , . , . , . , 
O O O O O O O O O O O O 
c u 0 i > i f 3 i n a ) c n t D O ' J ^ e o * - i C 3 O 
C T T C T ) C O C O O O < - I T - I ( M T - H C O I > 
> J O O O O O O O O O O O O 
^ c o o n i n c o c M T f o i M T r c o c o 
° _ T t-T w rH * * ** * ** * " 
t m ^ m m M t o ^ o j i r t N f t ' j o s 
I J J J , , J J
 rt. ;,. J J rt. J 
^ C O C O O O C M c O O C O t ^ C M i O ^ 
T 3 0 C O t - O I > C - 0 > ' < t i n o O w o O 
o
 N " ^ ^ csj* ^ ^ _* ^ ^ * w " N - ^ 
b o m m o u ^ i - H i n ^ o ^ c o ^ m 
C O O O C O r - C D C O i O c O b - C D O O 
O f-T N r-T r-T W r-T r-T r-T rH J * N C* no 
a 
a. 
S 
en 
a; 
u 4 J 
in 
0 
a 
s < 2 
£ S> "S. +•" 
•-s < w O 2 
22 
m 
as 
a 
M 
(it 
j - , 
<u 
> 
.2. 
03 
< 
ft 
Q 
Hi id 
S-" 
«° 
g D 
O 01 
u 
^ x 
§"« 
Q 
g 
8 
« 
< 
o 
3 .H 
O 
a 
01 
o 
o 
„ C 0 m 0 J O O C T i C 0 I > t * 0 5 C 0 W 
^ o i o m j > c o c Q O C M ^ w c o o c n 
l O c D ^ l O C O C D C O l O c o ^ ^ O l O 
^ t ^ T - H O C O » - H l i O ^ M , I > ' ^ O O C > ) 
>> co ^" w" ^* t^ aj" in co ^* to •**" ^ 
— . o o c o o o o a s m c n o o t - o o M 
2 « 3 0 ' - H c o o e M a > r - i > , i * 1 o C " 
^ • < < * T - ( M r H l f 3 ^ - ( O Q N T - H r - W 
^ I C O D ^ a C O t O N H H N C O ^ 
O * • » * • * • » * • » * » » ' » • . * 
m o c o o s o c o c a o c o r - m o 
] ^ i o o o O C - C O O C D ^ C O ^ r> O 
Oi >-< (» c» H © *-T i-i CM H ai" N 
G O - ^ O e D M W O C D C D C S l T - i c O " * 
C O ^ m t - m C M e O C O C O O S T f t -
3 . . I t * * . . . * . . . . . . . * * 
O O O i - t O i ' - H O r H C D O W O O 
^ r t ^ H ^ ^ W ^ , - , , - , _ - ^ 
_ , o s 0 i ' - i ^ , c ^ e o i / 5 o o o i 0 i o c o 
^ C D ' - t C O l O O W C O C O C O C O r - ' - H 
ha 
C a S i - H T - t C D l O C O C O C O r - C O E - C O 
g - ^ C M t O O i i - H C M C O C - C O W T H C Q 
^ N t o c o " t«* cT- oT «-T co co* oo* a T co* 
^ O ^ r H O l C O e O M C O w c O ^ - H O 
23 CO t - [> CO CO O " N ' M l > o N CO 
? ; o i f r H c o r - t - < N c o a > o t f 3 i > 
© C O ( M C - C O 0 0 C O C N C O i n i - l O 3 
^ i n i n f c o i f l o c f i o j N n H n 
° c*T .o*. C^" pT w n N N co* co* co co 
c t ~ t o o © • os co m t - co co **• ^ 
3 0 s , * c o m l O c ^ ^ o s 1 - ^ c , J c o o s , * , 
- - c o t o c o c o o t - c s o e Q c o t - o 
o co co" > w* N o ^ co o w co n 
r -
|
' - < ' - * C N N C > 3 M f - i C S I C M M C J 
hfl 
^ ^ N i o o m c o o s c - c M i r s c M i o 
o P i c o t - N n i n i f l o j c a c o t ^ 
J ^ r H r - l r - I N C O C M e N r H i - f r ^ C M C M 
e D c o m o - * i < ^ H o s m i > i n c o c o 
* Q i n C O O S C O l O c D C O O s " l O c - » H i - i 
C N t N i - t G M N C M N i - H C N N C O C O 
c c o o o c o c o r - o - ^ c o c - o - t t 1 
^ % * < i * • * * " * * • > * * • » 
Q t f c D m c o o m o s c o i o c M N O s 
^ M C V I O a C M C ^ C M N C Q W O a c O C M 
§ * ^ & s & •** u ~ > ^ e £ 
23 
TABLE 4 
FOLIAR ANALYSIS OF INDIVIDUALY, MONTHLY SAMPLED 
PALMS (average 20 palms) 
Ash as % of dry matter 
s a m p l i n g 
t i m e 
Ma'rch '53 
Apr i l 
May 
June 
Ju ly . 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. , 
J a n . ' 5 4 . . ; 
F e b r . ' 
leaf '. 
young 
7 ,20 
7 ,99 
7 ,29 
7 ,66 
6 ,01
 : 
6, 49 
5,46 
7, 00 
: 6, 97 . 
'•• 7 , 4 0 - '-; 
•"••, 6, 51 ;: 
> 7 , 0 3 ' 
1, •--
old 
7 ,90 
8, 18 
8 ,77 
7 , 2 1 
6 ,86 
6, 44 
6, 60 
7 ,29 
6, 52 
"6, "8 6 
: 6, 95 ; 
6 ,02 
- leaf 
young 
7 , 3 1 
7 , 8 4 
6, 55 
6, 62 
5,42 
6 ,09 
5, 06 
7 , 0 4 
6, 54 
/•' 6 ,47 :'• 
. - 7»00 ; 
7 ,08 
9 
old 
. 7 ,20 
6 ,69 
7 , 7 5 
6 ,84 
6 ,10 
•'•; 6, 24 
6 ,0 5 
' 6, 81 
'".. 6 ,28 
" 6 ,82 
6, 40 
6 , 6 1 
9th leaves in the; morning between 7 and 10 a. m. This was started 
at the beginning of the wet season, in March 1953 and ended in 
February 1954. All samples were analysed individually (80 sam-
ples per month),. .... • ! ' • ' . . : .- ' ' 
Table 2 gives.the analytical resul ts , with the data expressed as 
a % of dry matter , while table 3 and 4 show the; resul ts as a % of 
ash. Each figure represents the average of 20 leaf samples, which 
were analysed individually. Theexper iment may be considered as 
a split plot, .comprising three e r r o r s . The estimation of the e r r o r 
variance for "age of the pa lms" is,based only on 40 palms, as the 
successive monthly samplings may not be considered as ran-
domised replications. Fur ther , the e r r o r variance for the in-
fluence of the morphological position of the leaf on chemical com-
position may, for the same reason, be based only on 40 _palms.. 
As, however, the 1st and 9th leaves of each palm have been 
sampled, the e r ro r variance for "age 'Ms not the same as the 
e r r o r variance for "leaf",. although both are based on the same 
number of degrees of freedom (error b). To calculate the in-
fluence of sampling t ime and its interactions with age of the palms 
and position of the leaf, ail the data accumulated over a whole 
year (960) may be used for the estimation for e r r o r variance c. 
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pressed as a % of dry matter , have been given, leading to the 
following observations: 
1) Influence of the Age of the Palms. 
There appears to be a highly significant difference in Mg con-
tent of the leaves between the young, non-productive palms and 
the older, productive palms. No differences seem to exist for any 
of the other elements. The ash content as a % of dry matter is 
s imilar for young and old palms. 
2) Influence of Morphological Position of the Leaf. 
The difference in chemical composition of the 1st and 9th leaves 
appears to be highly significant in respect of K, P, Ca and ash as 
a % of dry matter . The difference in Mg content just fails to attain 
significance at P = 0 . 0 5 . 
The interaction between leaf and age is only significant for the 
Mg content of the samples; this would seem to suggest that the 
change in Mg content of the leaf t issue, as a function of the phy-
siological age of the leaf, is not the same for young non-produc-
tive and for palms in production. 
The interaction between age and leaf is not significant for the 
other elements nor for the ash content as a % of dry matter. 
3) Influence of Sampling Time. 
The sampling t ime, i. e. the month, in which the leaf sample 
was taken, has a highly significant effect on the chemical compo-
sition of the leaves. The differences in K, P, Ca and Mg contents, 
as well as the % ash on dry matter, appear to be highly significant, 
when comparing leaf samples, taken at various periods of the 
year . The interaction between sampling time and age of the palms 
is highly significant for K, P and Mg content and ash as a % of 
dry matter, but not for the Ca content of the samples. This sug-
gests that the changes in leaf composition, induced by changes 
in climatological conditions (sampling time), a re not identical 
for young and old palms. This was not unexpected, as the rooting 
system of younger palms is more restr icted than that of older 
palms and, as a consequence, suffer relatively more from dry 
periods. At such t imes, the top soil, in which the bulk of the 
adsorbing roots a re situated, is often completely dried out, and, 
as a consequence, ion uptake is restr icted or may even cease a l -
together. 
Another example of a differential reaction of young and old 
palms, to changes in climatological conditions, is that increases 
in production after periods of heavy rainfall are first noticed in 
young palms. 
The interaction between time of sampling and age of the leaf, 
is highly significant for K and Ca. This would suggest that these 
changes, due to climatic variations, are not identical for the 
first and 9th leaves. 
The second order interactions do not attain significance for 
any of the leaf components. 
To facilitate the comparison between the results of the analysis 
of variance, the figures 2-5 have been prepared showing the chan-
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Figure 2. Influence of 
sampling time on the 
chemical composition 
of the le leaf (as a % 
of dry matter) 
ges in leaf composition as a function of the sampling time. In fi-
gure 6 the observations of the meteorological station are given for 
the area, in which the experiment was laid down. 
It will be seen that the wet season s tar ts in March and finishes 
towards the end of November, with an interruption of a short dry 
season of a few weeks in June. Fig. 6 shows the rainfall and in-
solation during the period, in which the palms were sampled. 
Comparing the data from the figures 2-5 with those from fig. 6, 
the following observations may be made: 
a) There are significant differences in leaf composition of leaves 
of different physiological age, a fact previously noted. The K 
and P contents of the first leaves, expressed on ash or on dry 
matter, a re higher than those of the 9th leaves; the Ca and Mg 
contents 6f the first leaves are lower than those of the 9th 
leaves; ash on dry matter is higher for the first than for the 
9th leaf. 
b) The difference in age of the palms has an influence on the P 
and Mg contents of the leaves. During the dry periods, the P 
content of the leaves of younger palms is significantly lower 
than that of the leaves of the older palms, part icularly when 
the data are expressed on dry matter. The Mg content of the 
leaves of the younger palms is lower than that of the older 
palms, irrespective of the way in which the data a re expressed. 
c) Sampling time has a very significant effect on leaf composition, 
27 
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Figure 3. Influence of 
sampling time on the 
chemical composition 
of the 9th leaf (as a % 
of dry matter) 
J J A 
Sampling Time 
which is s imilar for both the 1st and 9th leaves. This suggests 
that the influence of changes in climatic conditions should be 
taken into consideration when a definite sampling technique is 
adopted. It will be seen that: 
Potassium on ash or on dry matter, shows high values in 
the dry seasons and in the small dry season in June /July; 
Magnesium, is significantly higher in April, July and De-
cember, coinciding with the changes from wet to dry sea-
sons. This is irespective the method of expression of the 
data. 
Phosphorus, on ash and on dry matter is lower in the dry 
than in the wet season and attains its maximum value in No-
vember at the end of the wet period. 
Calcium on dry matter, has its minimal values in the middle 
of the wet season. This effect is more pronounced for the 
9th than for the 1st leaf. However, on ash, Ca has its highest 
values in the middle of the wet season, for the 1st but not 
for the 9th leaf. 
Ash on dry matter, decreases during the first part and in-
creases slowly in the second part of the wet season. The 
lowest values for both the first and the ninth leaves a re 
found in July, August and September. 
It should be pointed out that changes in the concentration of 
the several leaf components, under the influence of variations 
28 
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Sampling Time 
Figure 4. Influence of 
sampling time on the 
chemical composition 
of the le leaf (data as 
a % of ash) 
in soil and climatological conditions, need not necessari ly be 
the same for plantations, situated in other par ts of the Congo 
The main conclusion to be drawn from the above considera-
tions, is , that it is essential to compare the chemical com-
position of leaf samples taken during comparable periods of 
the year. 
d) Variations in climatological conditions do not have the same 
influence on the leaf composition of young and old palms, as 
suggested by the significant interactions between month of 
sampling and age of palms. From fig. 2-5 it may be seen that 
generally speaking, the character is t ic changes in respect of 
the P, Ca and Mg contents of the leaves, as a function of s am-
pling t ime, are more pronounced for younger than for older 
palms. 
The P content of the leaves of young palms attain much lower 
values in the dry season than that of older palms. Further , 
the increase in Mg content, caused by the changes from wet to 
dry seasons, are larger for young than for old palms. The 
same may be said for the Ca content and ash on dry mat ter . 
The fluctuations are greater in young than in the old palms. 
With regard to K, the interaction between month of sampling 
and age of palms is demonstrated by the fact that increases 
in leaf K of young palms do not coincide with s imilar changes 
in leaf K content of older palms, due to changes in climatolo-
29 
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Sampling Time 
Figure 5. Influence of 
sampling time on the 
chemical composition 
of the 9th leaf (data as 
a % of ash) 
' gical conditions. Fig. 2 suggests that the reaction of older 
palms to increases and decreases of leaf K is retarded by ap-
proximately two months. 
One further point remains to be considered: In the preceding 
analysis of variance and subsequent conclusions, the assumption 
was made that variations in leaf composition due tonon systematic 
e r r o r s , follow the law of the normal frequency distribution. The 
technique of analysis of variance may be applied only to data, with 
a normal distribution of the e r r o r s . It is generally not possible to 
tes t data for normal frequency distribution. In this case, how-
ever, we are dealing with sufficient analytical data to obtain in-
formation on the frequency distribution when a correction is made 
for the most important systematic influences. 
It was shown ear l ier , that, apart from age of leaves and of 
palms, the sampling time (climatic influence) is the most im-
portant facor, responsible for variations in chemical compo-
sition. The K and P contents in the 1st leaves of young palms 
were corrected for the influence of climate, in the following way: 
The Correction Factor is represented by the difference between 
the average K and P contents for any given month and the average 
figures for the month, showing the lowest K and P contents. 
Whenallthe figures for the same leaf from palms of comparable 
age, growing under identical soil conditions, have been corrected 
for the influence of climate, any variation in those figures is due 
30 
24 
22 
20 
18 
16 
300 
250 
200 
150 
100. 
50 
Lr 
L 
J F M A M J J A S O N D J J F M A M J J A S O N D 
Figure 6. Insolation (1954) Rainfall in mm. (1954) 
to the* influence of climate, and any variation in those figures is 
due to non systematic e r ro r s ; as a consequence, the distribution 
would be expected to follow the normal frequency curve. 
In order to examine this point, all figures have been grouped in 
classes at intervalls of 0. 1 % for K and 0. 01 % for P . 
From figures 7 and 8, it will be seen that the distribution of the 
leaf elements (in this case only K and P a re considered) follows 
approximately a normal distribution and, in consequence, the 
analysis of variance may safely be applied to check the validity of 
the previous conclusions, suggested by the table and the figures 
2-5. 
(iii) S a m p l i n g a n d A n a l y t i c a l E r r o r s 
The standard deviations of the various leaf constituents of young 
and old palms in the 1st and 9th leaves, on ash and on dry matter , 
found during the successive monthly samplings, a re given in table 
6 and 7. These data have been subjected to analysis of variance 
and the resul ts are given in table 8 and 9. Some conclusions may 
be drawn from these. — 
1) A major part of the variation may be ascribed to the influence 
of the sampling t ime, i. e. climate. It will be seen that in the 
case of leaf K, the smallest standard deviations are found at 
the beginning of the wet season, irrespective of the way in which 
the data are expressed. 
On the other hand, leaf P, on dry matter , shows the largest 
standard deviations in March, July and November, coinciding 
with the change from dry to wet seasons. When, however, the 
data are expressed on ash, the standard deviations increase 
towards the end of the wet season. 
When Ca is exprssed on dry matter , the variation is larger 
in the dry than in the wet season but remains constant through-
out the year when expressed on leaf ash. 
Mg on dry matter tends to show higher variation in the small 
dry season in July, but on ash the variation is smaller in the 
dry than in the wet season. Ash on dry matter has a ra ther 
constant standard deviation throughout the year . 
2) Age of the palms has, generally speaking, no influence on the 
standard deviations in leaf constituents. 
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TABLE 7a 
STANDARD DEVIATIONS OF INDIVIDUALY MONTHLY SAMPLED 
PALMS 
a s h as a % of d ry m a t t e r 
sampl ing 
t ime 
March 
Apr i l 
May-
June 
Ju ly 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
J an . 
F e b r . 
leaf 1 
young 
1,72 
0 ,92 
1,01 
0, 93 
0 ,94 
1, 29 
0, 97 
1, 22 
0 ,71 
1, 58 
1,11 
0, 92 
old 
1, 36 
1, 30 
1,35 
1,43 
0 ,61 
0 ,90 
0 ,97 
1,41 
1, 61 
1,05 
1,34 
1, 16 
leaf 9 
young 
0 , 9 3 
1, 36 
1, 28 
0 ,92 
1, 14 
0, 87 
0 , 9 5 
0, 89 
1,09 
1,92 
1, 54 
2, 10 
old 
1,12 
1, 48 
1, 23 
1,48 
0 ,96 
2, 14 
0 ,89 
1,17 
1,63 
1,17 
0 ,87 
1, 20 
M .r4 iLfcFUi 
0,25 0 .10 0 , 1 5 0 ,20 
Fas I t of dry matter 
Figure 7. Frequency distribution of Phosphorus content of first 
leaves of oil palms (as a % of dry matter) 
3) The age of the leaf h a s , in many c a s e s , a m a r k e d influence on 
the v a r i a t i o n of the leaf composi t ion . The var ia t ion in K content 
i s g r e a t e r for the 9th than for the 1st leaf and is m o r e p r o -
nounced when the f igures a r e e x p r e s s e d on leaf a sh . On the 
o the r hand, P content on d r y m a t t e r , v a r i e s l e s s in the 9th 
than in the 1st leaf, w h e r e a s t h e r e i s no difference if the data 
a r e e x p r e s s e d on leaf ash . The va r i a t ion in Ca content i s g r e a t -
e r for the 9th than for the 1st leaf, i r r e s p e c t i v e of the way in 
which the data a r e e x p r e s s e d . In r e s p e c t of Mg content , no 
difference in var ia t ion ex i s t s for the f i r s t and the 9th leaf, 
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Figure 8. Frequency 
distribution of Potas-
sium content of le 
leaves of oil palms (data as a % of dry 
matter) 
when the figures are expressed on dry matter but, on ash, 
the 9th leaf shows the largest variation. 
The standard deviation of the ash content as a % of drymat ter 
is similar for the. 1st and the 9th leaf. 
4) It will be seen that the variations in standard deviations due 
to other factors, such as small differences in soil conditions, 
differences in insolation and e r r o r s in the preparation and che-
mical analysis of samples, amounts to only 14-24% of the total 
variation with the exception of P on ash, where 33% of the total 
variation should be ascribed to the above mentioned factors. 
In table 10, the standard deviations of the several leaf consti-
tuents for the 1st and the 9th leaf, averaged over 12 months are 
given. 
From this it will be seen that the standard deviations for the 
9th leaf are slightly greater than for the 1st leaf, as indicated 
previously by the analysis of variance. It also appears that data, 
expressed on ash, show a slightly larger standard deviation than 
those, expressed on dry matter . The variation coefficients in the 
table comprise. 
a) Analytical E r r o r s ; 
b) Sampling variation. 
To obtain some information on the magnitude of the analytical 
e r r o r s , a ser ies of 30 sub samples were taken from one leaf 
sample and individually analysed. The variation coefficients 
(standard deviations as a % of the mean) were found to be: 
For the determination of K, 4. 0% 
For the determination of P, 4. 8% 
For the determination of Ca, 12% 
For the determination of Mg, 13% 
For the determination of ash on dry matter, 9%. 
From these, it is clear that the analytical methods in use, a re 
sufficiently accurate for the purpose of the work, as the sampling 
variation appears to be much bigger than the. variation, resulting 
from the analytical technique adopted. 
Further it appears that there is little advantage in sampling 
36 
5.7 
0,36 
0,66 
0,035 
1.9 
0,11 
1.3 
0,077 
21 
20 
22 
. 1 7 
21 
18 
27 
23 
7,0 
0.39 
0,71 
0, 029 
2.7 
0, 13 
1.6 
0.085 
32 
28 
24 
15 
25 
19 
30 
25 
TABLE 10 
STANDARD DEVIATIONS OF SEVERAL LEAF CONSTITUENTS FOR THE 1st AND 9th 
LEAF, AVERAGED OVER A PERIOD OF ONE YEAR 
Average stan- Standard dev. Average stan- Standard dev. 
dard deviation as a % of dard deviation as a % of 
of 1st leaf mean of 9th leaf mean 
Potassium as % of ash 
Potassium as ft dry matter 
Phosphorus % ash 
Phosphorus % dry matter 
Calcium % ash 
Calcium % dry matter 
Magnesium ft ash 
Magnesium ft dry matter 
Ash as % dry matter 1, 16 16 1. 26 19 
more than 20-25 palms as, according to table 10, a bulk sample, 
consisting of 20 palms has a standard deviation of the order of 
4-6%, which is of the same magnitude as for the analytical e r r o r s . 
One observation should be made concerning the accuracy of the 
analytical data, when expressed on ash. During our investigations, 
it became evident that relatively large e r r o r s may ar i se , should 
the preparation of the ash not follow a standard procedure. Dif-
ferences in the rate of temperature r i se , place in the muffle fur-
nace, and initial moisture content may have a marked influence. 
A good ash is light gray and slightly cintered. It has been ob-
served} however, that, despite all precautions, dark coloured 
ashes which still contain a considerable quantity of carbon a re 
frequently obtained. As a result , a bad ash, with a high C con-
tent, will show comparatively low contents of K, P , Ca and Mg, 
expressed on ash. 
Additional factors, responsible for e r r o r s , are the hygros-
copicity of the ash and the high relative humidity in the t ropics . 
All weighings for the ash/dry matter determinations should be 
carr ied out quickly, to obviate increase during the weighing. 
(iv) G e n e r a l C o n c l u s i o n s 
1) When adopting a routine sampling system for practical pur -
poses, the morphological position of the leaf sample must be 
taken into consideration. Leaflets should be taken from cor -
responding parts of leaves of the same physiological age. 
2) The age of palms has an influence on leaf composition. The 
influence of changes in climatological conditions on leaf corn-
position is not identical for young and old palms. In general, 
this will fluctuate more in young palms than in older p r o -
ductive palms. 
3) Sampling time has a. significant influence on leaf composition 
37 
and samples taken in the dry season are not comparable with 
those, taken in the wet season. As far as possible, samples 
should be taken at the same periods of the year. 
4) The e r r o r s , involved in the chemical analysis, represent 
only a small fraction of the total variation. Bulk samples should 
consist of 20-25 palms. 
5) When data a re expressed on leaf ash, the ashing should follow 
a standard procedure to avoid the considerable e r r o r s , which 
may a r i se , due to incomplete ashing. 
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G R O W T H , P R O D U C T I O N A N D L E A F C O M P O -
S I T I O N 
To obtain direct information on the sensitivity of the 1st and 9th 
leaves for the purpose of diagnosihgpossible mineral deficiencies, 
growth and production records from fer t i l iser and other experi-
ments are plotted against the leaf composition, i r respect ive of 
the nature of the t reatments . The leaf, showing the closest cor -
relation between growth and/or production and chemical compo-
sition, should be chosen for routine sampling. This has been in-
vestigated for a ser ies of experiments on different soils , located 
in various parts of the Belgian Congo. Figures 9-10 show the r e -
sults of the foliar analysis of bulk samples, taken from the ex-
perimental plots of a replanting experiment in the Kasai region. 
See also table 33. 
Growth was recorded as the increase in the number of leaves 
during a given period of time. 
Attention is drawn to the fact that, in this case, the growth of 
the young palms is positively correlated with the K content of the 
leaves, and that, moreover, the correlation is closer in the case 
of the 1st than that of the 9th leaf. 
P and Ca in the 1st leaf are correlated negatively with growth. 
Those relationships do not seem to hold for the P and Ca contents 
in the 9th leaf. 
As some authors (CHAPMAN and GRAY), have worked with 
ratios between the elements, we have followed the same procedure 
to enable comparisons to be made with data, given in l i terature 
for oil palms and other crops. The advantage of expressing ana-
lytical data as ratios lies in the fact that the e r r o r s involved in 
the ash/dry matter determination have no influence, provided the 
analysis of all elements concerned is ca r r i ed out on the same 
leaf extract. 
In how far growth and production a re more closely related to 
the ratio between the various elements in the leaf than to the 
actual contents, expressed on ash or on dry matter , remains to 
be investigated. 
The K/P and K/Ca ratios of the first leaf show a very close 
correlation with growth, as a corollary of the changes in K con-
tent on the one hand and the P and Ca contents on the other. Those 
correlations have not been found for the 9th leaf. 
Similar evidence was obtained for the chemical composition of 
leaves from other fertil iser experiments in this area . Figures 11 
and 12 show the correlation between the leaf composition of young 
palms in an experiment, in which height is taken as measure of 
growth. In this instance, it also appears that the K, K/P and K/Ca 
figures in the leaves are positively correlated with growth and that 
the P and Ca contents are negatively correlated with the height of 
the young palms. 
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Figure 9. Replanting experiment 
in Kasai region. 
Relationships between elements in 
first leaf and growth 
This also holds good for the production from an experiment on 
old palms in this area, for which precisely the same relationships 
were found (fig. 13). 
In all these figures it is clearly shown that the closest c o r r e -
lations obtain between growth and production and the chemical 
composition of the first leaf. 
The relation between leaf composition and growth and/or p ro -
duction of palms is not necessarily as found above; in a plantation 
in the central Congo basin the P content of the first leaves of 
young palms in a fertil iser experiment, shows a positive c o r r e -
lation with the number of female flowers and bunches, used as a 
40 
tj 15 
* 1 3 
"a 
£ 1.6 
c 
o 
if 1.2 
1.0 
f * •-
• 
• 
• 
• 
«. *:.v- : 
-i 
* • 
• 
• * • : 
.-: 
• r 
* 
4 5 6 7 8 9 10 11 
increase in number of leaves 
4 5 6 7 8 9 10 11 
increase in number of leaves 
•a 12 
1 > 
JS 
S ii 
ti 
•o 
* 
10 • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•a 
V 
x 5 
4 5 6 7 8 9 10 11 
increase in number of leaves 
"1 5 6 7 5 5 16 11* 
increase in number of leaves " 
Figure 10. Replanting experiment in Kasai region. 
Relationships between elements in 9th leaf and growth 
measure of the response to the t reatments . Fig. 14 shows the 
growth data as a function of the P content. The K/P ratio was 
found to be negatively correlated with the number of bunches and 
female flowers. 
Although these preliminary results would seem to suggest that 
the sampling of the 1st in stead of the 9th leaf as a standard p rac -
tice has definite advantages, due to the closer relationships, as 
shown in the graphs, both the 1st and the 9th leaves have been 
sampled for the purpose of this work to obviate any possibility 
that other relationships, not yet apparent in any of the above ca s -
es, might a r i se for the 9th leaves. 
It was shown that the chemical composition of leaves is defi-
nitely related to growth of young palms and production of older 
palms. The relationships found were, however, different in na-
ture for the different soil types, obtaining in the Central Congo 
basin and Southern Congo. From a ser ies of fert i l iser experi-
ments, in the Kasai region it appeared that leaf K, K/Ca and 
K/P were positively correlated with growth of young palms and 
yield of productive palms, whereas a negative correlation with 
growth and/or production was observed for leaf Ca and P . 
The relationship between the various leaf constituents' and 
growth or yield of palms, as established for the Southern Congo, 
could not be confirmed for plantations in the Central Congo basin. 
In the latter area, positive correlations between leaf P and growth 
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Figure 11. Fert i l iser experiment on young palms. 
Correlations between leafcomposition and growth 
of young palms or production of older palms were frequently 
found, while the K/P ratio was negatively correlated with growth 
and production. 
An attempt was made to compare the chemical leaf composi-
tion of palms of widely differing ages, growing on a wide range of 
soil types with growth and/or production. The palms were growing 
on soils having the following character is t ics : 
1) Kasai Region (Brabanta). 
(probable Karroo formation) 
Sandy soil containing 6-12% of clay (< 2), 1% of silt (2-20 \i), + 
fine sand (20-200 u) and 30-35% of coarse sand (200-2000 \i). 
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Figure 12. Fertiliser experiment on young palms. 
Correlations between leafcomposition and growth 
The organic ca rbon content , a s d e t e r m i n e d by the r a p i d 
method of WALKLY and BLACK i s of the o r d e r of 0. 7 - 1 . 0%, 
c o r r e s p o n d i n g to an o rgan ic m a t t e r content of 1. 2 - 1 . 7%. 
Nitrogen, a s de t e rmined by the Rjeldahl method amounts to 
300-700 ppm. 
To ta l P o t a s s i u m , a s e x t r a c t e d by one hour boi l ing in concen-
t r a t e d , hydroch lo r i c acid, v a r i e s from l e s s than 50 ppm-300 
ppm. P h o s p h o r u s , d e t e r m i n e d in the s a m e e x t r a c t , i s of the 
o r d e r of 100-200 ppm. 
The pH (g lass e l ec t rode ) v a r i e s between 4. 3 and 4. 7. 
2) Kwilu Region (Lusanga a r e a ) . 
The so i l s of th is reg ion a r e chiefly c o m p r i s e d of Ka lahar i 
sand and only on s o m e s teep r i v e r i n e s l o p e s m a y the u n d e r -
lying K a r r o o format ion be obse rved . 
The a r e a i s e x t r e m e l y sandy, the c lay content amount ing to 
4-12% with a s i l t content of invar iab ly 1%; fine sand v a r i e s f rom 
40-55% and c o a r s e sand accounts for 35-55%. 
The o rgan ic ca rbon content amounts to 0. 6 - 1 . 2%, c o r r e s -
ponding with 1-1.5% organic m a t t e r . 
The Ni t rogen content is of the o r d e r of 300-800 ppm. 
Tota l P o t a s s i u m content on the flat, h i g h e r p l a t eau so i l s , i s 
l e s s than 50 ppm, but may be cons ide rab l e h igher on the s t eep 
r i v e r i n e s lopes , va ry ing between 100 and 300 ppm. 
Phosphorus v a r i e s from l e s s than 10 ppm - + 150 ppm. 
The pH range is f rom 4. 3-5 . 5. 
3) Red La toso l in the Cen t r a l Congo Basin (El i sabe tha) . 
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Figure 13. Correlations between leafcomposition and production 
(as average kg of bunches per palm per annum) of fertiliser ex-
periment on productive palms 
The clay content of the area ranges from 10-30%. The fine sand 
fraction between 40 and 60% and the coarse sand between 20-
40%. 
The organic C content is of the order of 0 .4-0 .8% which 
corresponds with an organic matter content of about 1%. 
The N content varies between 300 and 600 ppm. 
The total K content of the soils is high, of the order of 400 
ppm. to more than 2000 ppm. 
The total P content of these soils is very variable and may 
lie between less than 10 ppm to 200 ppm. 
The soils have a high P fixing capacity. 
The pH varies between 4. 2 and 4. 7. 
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4) Red Yellow La toso l (Yal ig imba) . 
The c lay content v a r i e s be tween 12 and 30%, fine s a n d b e t w e e n 
35 and 50% and c o a r s e sand 30-40%. 
The o rgan ic m a t t e r content i s of t he o r d e r of 1%. 
Ni t rogen v a r i e s be tween 300 and 800 ppm. 
The t o t a l K content of the s o i l s r a n g e s f rom 100-200 p p m ; 
t o t a l P between 30 and 200 ppm. The s o i l s have a high P 
fixation capac i ty . 
The pH is 4 . 3 - 5 . 0 . -
5) Yellow Soil in Swampy A r e a n e a r Coqui lhatv i l le ( F l a n d r i a ) . 
The top so i l s have a c lay content of 10-15%; c o a r s e s a n d 
accoun ts for 22-28% and fine sand for 50-60%. 
The o rgan ic C content i s v e r y high for t r o p i c a l condi t ions 
and v a r i e s from 0 . 8 - 1 . 2 % , c o r r e s p o n d i n g with an o r g a n i c 
m a t t e r content of 1. 5-2. 0%. 
The t o t a l N content i s a l so high and is often of t he o r d e r of 
900 ppm. 
The K content of the so i l s i s e x t r e m e l y low and a l m o s t i n -
va r i ab ly l e s s than 50 ppm. 
The to t a l P content , on the o the r hand i s on the high s ide and 
v a r i e s be tween 130 and 300 ppm. 
Cons ide rab le va r i a t ions a r e found in the pH in t he l i m i t s 
between 4. 5 and 5. 6, which m a y be r e l a t e d t o t he swampy c o n -
dit ions of the reg ion . 
The age of the p a l m s , f rom which s a m p l e s w e r e t aken for a n a -
l y s i s , v a r i e d between one y e a r (after p lant ing) and 30 y e a r s . 
Growth of the young p a l m s has been a s s e s s e d by the i n c r e a s e 
in the n u m b e r of l eaves dur ing a c e r t a i n p e r i o d o r by height i n -
c r e a s e s . In one c a s e the n u m b e r of fruit bunches and female i n -
f l o r e s c e n s e s of the young p a l m s , en t e r i ng the p roduc t ive p h a s e , 
w e r e r e c o r d e d ; the produc t ion was r e c o r d e d a s weight of bunches 
p e r individual p a l m . 
The r e c o r d s obtained from a s e r i e s of f e r t i l i s e r e x p e r i m e n t s 
and the block y ie lds f rom the p lan ta t ions w e r e u s e d for the d e -
t e r m i n a t i o n of growth and product ion . 
As it i s the object t o c o m p a r e the c h e m i c a l compos i t ion of 
l e a v e s with growth and produc t ion r e c o r d s of p a l m s of different 
a g e s , growing under widely va ry ing condi t ions of so i l and c l i m a t e , 
it wi l l be evident that c o m p a r i s o n s be tween a r e a s may only be 
m a d e in the p r a c t i c a l t e r m s of good, med ium o r poor , the a b s o -
lute p roduc t ion level being a function of a complex of so i l and e c o -
logica l f a c to r s , which a r e different for the a r e a s unde r c o n s i d e -
ra t ion . 
All p a l m s have been s a m p l e d dur ing the wet s e a s o n s , to avoid 
as much a s poss ib le the influence of c l i m a t e on leaf composi t ion . 
In tab le 11, s o m e of t he data have been t abu la t ed for compar i son ; 
in addi t ion to the ac tua l p e r c e n t a g e s of the s e v e r a l e l e m e n t s , the 
K, Ca and Mg contents have a l s o been e x p r e s s e d a s a % of the s u m 
of K + Ca + Mg and the K, P and Ca content a s a % of K + P + Ca. 
Th i s method of e x p r e s s i o n enab les the data to be p lo t ted in t r i a n -
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gular diagrams, from which the ratios between the elements may 
easily be determined (see figures 15 and 16). 
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Figure 14, Positive correlation between production and P content 
(on dry matter) of le leaf 
K 
Figure 15. Relation between 
The circle indicates the area 
corresponding with good 
K, Ca and Mg in first leaf. 
of optimal leaf composition, 
growth and/or production 
Mg 10 20 30 ~ ~ 40 50 60 70 80 90 Ca 
The following conclusions may be drawn from the tables and 
the diagrams: 
1) All the data fall in a narrow band in the diagrams. 
From these it may be observed that the K/Ca ratio seems to 
play an important part in the nutrition of oil palms. The Mg con-
tent expressed as a % of K + Ca + Mg is ra ther constant for wide-
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Figure 16. Relation between 
The circle indicates the area 
corresponding with good 20 
K, Ca and P in first leaf. 
of optimal leaf composition, 
growth and/or production 
ly different soil and climatic conditions. The same may be said 
for the P content as a % of K + P + Ca, which seems to be con-
stant. The antagonism between K and Ca has been studied for a 
lot of other plants and many similar examples may be found in the 
literature. 
2) It will be seen that the points, representing the leaf composi-
tion of high producing plantation blocks, wide-spread in the Congo, 
and of fertiliser experiments, from which the highest growth or 
production figures were recorded, appear to fall in a very limited 
area, in each of the triangular diagrams. This area is approxima-
tely represented by the following limits: 
K. 67 to 70% of the sum of K + Ca + Mg. . 
Ca. 19 to 24%. 
Mg. 10 to 13%. 
In general the deviations from the above limits are found in 
plantation blocks of low productivity, or in the control plots of 
fertiliser experiments, where poor growth of young palms or low 
production from mature palms are obtained. 
The figures cited above correspond approximately with the 
following actual percentages, expressed as a % of leaf ash: 
K. 25-28% on ash. 
Ca. 7-9% on ash. 
Mg. 3. 7-4. 8% on ash. 
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or expressed on dry matter: 
K. 1. 7-1 . 9% of dry matter 
Ca. 0. 55-0. 65% of dry matter 
Mg. 0. 25-0. 35% of dry matter . 
Similarly, leaf P varies around 3.0-3.5% of leaf ash or 0 . 2 1 -
0. 23% of dry matter. 
These findings suggest that there is an "optimal" composition of 
oil palm leaves 1). 
The I. R. H. O. workers in French Equatorial Africa arr ived at 
s imilar conclusions for ground nuts and oil palms. Although the 
sampling and analytical methods used are somewhat different 
from the technique adopted by us, the area of optimal composi-
tion in their tr iangular diagram for K, Ca, Mg, corresponds 
closely with that in figure 15. However, their further approach 
to the problem is different from that adopted by us. The I. R. H. O. 
workers established so-called "cri t ical values" for the various 
leaf constituents. As soon as an element in the leaf tissue falls 
below this crit ical value, it is considered as being deficient and 
fertilising with that part icular element is advised. The "cri t ical" 
values, as given by the French workers , a re : 
N. 2. 75% on dry matter; 
P . 0. 15% 
K. 1.0% 
Mg. 0. 24% 
This indicates that, with the exception of N, which has not been 
considered in this work, the other levels fall below the "optimal" 
range, found for Congo conditions. 
Our approach on the contrary, is based on the concept of the 
"optimal" leaf composition. 
Apart from the fact that variations in leaf composition may 
exist, due to differences in age and climatological factors, there 
would seem to be an "optimal" range of levels and ratios of va-
rious elements in the leaves. Within these, considerable var ia-
tions in leaf composition may still be due to differences in age of 
the palms and in climatological conditions. Our problem will,thus 
consist in the evaluation of qualitative and quantitative deviations 
from the "optimal" leaf composition, characterist ic for various 
mineral deficiencies in the soil. 
1) The expression "optimal" composition is used to indicate the 
chemical composition of leaves of palms having regional maxi-
mal ffrowth anri/ni- nrnrlnn+inn al gr t  a d/or productio . 
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VI. L E A F C O M P O S I T I O N O F M I N E R A L D E F I C I E N T 
P A L M S 
T o r e m e d y m i n e r a l def ic ienc ies in t he oi l p a l m m a y be a long 
p r o c e s s , if the a p p r o p r i a t e f e r t i l i s e r s a r e app l ied af te r t he a p -
p e a r e n c e of the deficiency s o m p t o m s . The c o m m o n d iagnos i s of 
the deficient e lement o r e l e m e n t s is., however , b a s e d on t h e 
e x t e r n a l s y m p t o m s , shown by the p a l m s . It w a s , t h e r e f o r e , con-
s i d e r e d impor t an t to t e s t whe the r the d iagnos i s of m i n e r a l d e -
f i c i enc ies , before the s y m p t o m s w e r e evident , w a s p o s s i b l e by 
fo l ia r a n a l y s i s . F o r th i s d iagnos i s , it is e s s e n t i a l tha t the changes 
in leaf composi t ion , r e s u l t i n g f rom the v a r i o u s def ic ienc ies a r e 
known. It was t h e r e f o r e , decided to e s t a b l i s h a s and .culture e x -
p e r i m e n t and to ana lyse the l eaves of p a l m s r e c e i v i n g the v a r i o u s 
t r e a t m e n t s at monthly in te r fa l l s to d e t e r m i n e t he effect on leaf 
compos i t ion . Young p a l m s w e r e employed in t h i s e x p e r i m e n t on 
the a s s u m p t i o n that changes in the leaf compos i t i on of young and 
old p a l m s a r e s i m i l a r . 
The des ign of the expe r imen t was a 6 X 6 L a t i n s q u a r e , i n -
cluding the following t r e a t m e n t s : 
P a l m s w a t e r e d dai ly with a comple t e nu t r i en t solut ion. A. . 
B. 
C. 
D. 
E. 
F . 
 
M 
it 
n 
i i 
i i 
" minus 
it ii 
II n 
II it 
it II 
N. 
P . 
K. 
Ca. 
Mg 
E a c h t r e a t m e n t cons i s t ed of s ix p a l m s , each of which was p lan ted 
in a half 200 l i t e r d rum, containing washed r i v e r q u a r t z sand. The 
p a l m s w e r e approx ima te ly one y e a r old at the t i m e of p lant ing and 
t h e i r roo t s were washed c lean with t ap w a t e r before plant ing. 
Immed ia t e ly af ter plant ing, the l eaves w e r e bound toge the r to 
p reven t e x c e s s wa te r los s and w e r e left l ike th i s unt i l growth was 
r e s u m e d . 
The nut r ien t solut ion adopted for u s e in th i s expe r imen t was 
tha t r e c o m m e n d e d by HEWITT, i. e. 
E l emen t s Milli . equivalent p e r l i t r e 
NO3-
P O 4 — -
S O 4 - -
Ca++ 
Mg + + 
K+ 
Na+ 
H+ 
Fe+++ 
Mn + + 
Cu++ 
Z n + + 
B 
Mo 
15 
4 
3 
10 
3 
5 
1. 33 
2. 67 
0 .33 
0 .02 
0.002 
0 .002 
0. 033 mi l l i M o l / l i t e r . 
0 .0002 " " 
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When a ca t ion was omit ted , it was r e p l a c e d by Na; in the c a s e of 
an anion being omi t ted , it was r e p l a c e d by SO4. 
The chemica l s (analy t ica l p u r e ) u sed to make up the v a r i o u s 
nu t r i en t solut ions w e r e : 
KNO s ; C a ( N 0 3 ) 2 4 H 2 0 ; N a H 2 P 0 4 2 H 2 0 ; M g S 0 4 7 H 2 0 ; NaNOg; 
K 2 S 0 4 ; N a 2 S 0 4 . 10H2O; C a S 0 4 ; F e C g H ^ ; M n S 0 4 . 4 H 2 0 ; C u S 0 4 . 
5H 2 0 ; Z n S 0 4 . 7 H 2 0 ; H 3 B O s ; and ( N H ^ M o 0 4 -
Stock solut ions of the above c h e m i c a l s w e r e m a d e and a l iquots 
w e r e di luted for the nu t r ien t so lu t ions . Each nu t r ien t solut ion was 
adjus ted to pH 5 by the addit ion of caus t i c soda o r su lphur ic acid. 
Each p a l m r e c e i v e d + 1 . 5 l i t e r s of the solut ion p e r day. Holes 
w e r e made in the b a s e of the d r u m s to p e r m i t f ree d ra inage of the 
sand and th i s was checked daily. Tap wa te r was u sed to make up 
the so lu t ions . 
TABLE 12 
RESULTS SANDCULTURE EXPERIMENT; FIGURES EXPRESSED 
AS A % OF DRY MATTER 
T r e a t m e n t s e l e m e n t F e b r . M a r c h A p r i l 
in leaf 
May J u n e J u l y Aug. 
C o m p l e t e 
Without N. 
Without P . 
Without K. 
Without Ca 
Without Mg 
% K 
% P 
% C a 
%'Mg 
% K 
% P 
% C a 
% Mg 
% K 
% P 
% Ca 
% Mg 
% K 
% P 
% C a 
% M g 
% K 
% P 
% C a 
% M g 
% K 
% P 
% Ca 
% Mg 
1,90 
0, 284 
0 , 6 2 5 
0, 290 
1,99 
0, 266 
0 , 6 2 8 
0 , 2 9 1 
2 , 2 3 
0 , 2 4 1 
0 ,689 
0 , 2 7 0 
1, 78 
0, 256 
0 ,732 
0, 301 
2 .20 
0, 235 
0 ,606 
0 ,289 
2 ,07 
0 , 2 3 4 
0 ,701 
0, 256 
1, 86 
0 , 2 9 1 
0 , 6 1 8 
0, 240 
1,70 
0, 425 
0 , 7 3 8 
0 , 3 4 8 
1,83 
0 , 2 3 3 
0 , 6 9 3 
0, 272 
1,32 
0, 292 
0, 772 
0, 341 
1,85 
0 ,311 
0, 576 
0 , 3 1 3 
1,99 
0 , 3 0 1 
0 , 7 2 1 
0, 227 
2 . 0 1 1,91 2 , 7 1 2 
0 , 3 2 3 0 ,317 0, 338 0 
0 , 6 1 5 0 , 6 5 7 0, 652 0 
0, 261 0 , 2 3 4 0, 230 0 
2 , 1 8 2 ,19 2 ,36 2 
0 , 6 3 8 0 , 6 6 5 0 , 6 2 2 0 
0 , 8 0 0 0 ,766 1,38 0 
0, 452 0 ,542 0, 424 0 
2 .02 1,96 2 ,68 2 
0, 245 0 , 2 6 4 0 , 2 6 3 0 
0, 637 0, 582 0, 560 0 
0 ,236 0 ,297 0, 205 0 
1, 33 1, 43 1, 57 1 
0 , 3 3 4 0, 327 0, 354 0 
0 ,786 0 , 7 0 3 0 , 7 2 2 0 
0 ,352 0 , 3 2 4 0 , 3 6 8 0 
2 ,17 2 ,31 2 , 9 5 2 
0 , 3 2 3 0 , 2 8 3 0, 252 0 
0, 523 0 ,436 0, 390 0 
0 , 2 9 1 0 ,297 0, 268 0 
2 , 3 4 2 ,06 3 , 0 5 2 
0, 329 0 , 3 1 0 0, 328 0 
0 ,750 0 ,738 0, 787 0 
0 , 2 2 4 0 , 2 7 5 0, 196 0 
34 2 ,62 
314 0 , 3 6 4 
669 0 , 5 9 5 
356 0 ,376 
35 2 ,66 
715 0 , 4 4 8 
970 0 , 7 7 0 
426 0 , 3 1 8 
15 2 , 4 8 
197 0 , 2 8 7 
596 0, 560 
321 0 , 3 0 0 
01 1,81 
405 0 , 4 8 0 
736 0 , 7 9 5 
396 0 , 3 5 1 
02 2, 57 
269 0 , 3 2 1 
333 0 , 3 4 7 
300 0, 278 
30 2 , 8 1 
364 0 , 4 0 2 
846 0 , 8 5 2 
320 0, 250 
A n a l y s i s of t h i s w a t e r s h o w e d t h a t t h e a m o u n t s of a n i o n s a n d 
c a t i o n s p r e s e n t w e r e n e g l i g i b l e . 
T h e d r u m s w e r e f i r s t p l a c e d i n a g l a s s r o o f e d s h e d a t a s p a c i n g 
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TABLE 13 
RESULTS SANDCULTURE EXPERIMENT, FIGURES EXPRESSED AS A % OF 
ASH 
T r e a t m e n t s e lement F e b r . March Apr i l May June Ju ly August 
in leaf 
Complete 
Without N 
Without P 
Without K 
Without Ca 
Without Mg 
1. K 
% P 
% C a 
% Mg 
% ash 
% K 
% P 
% C a 
%Mg 
% a s h 
% K 
%P 
% C a 
% Mg 
% ash 
% K 
% P 
% Ca 
% Mg 
% ash 
% K 
% P 
% Ca 
% Mg 
% a s h 
% K 
% P 
% Ca 
% Mg 
% ash 
26 ,8 
4 , 0 1 
9 ,24 
4, 10 
7,09 
29, 7 
3,69 
9, 65 
5, 51 
6, 57 
30,9 
3,63 
9,22 
4 ,02 
6,91 
28,4 
4 ,08 
11,29 
4 ,63 
6, 54 
31, 2 
3, 23 
8, 49 
4,02 
7, 29 
30,4 
3,44 
10,36 
3,97 
6,97 
2 8 , 1 
4, 44 
8, 71 
3 ,73 
6 ,68 
2 3 , 2 
4 ,81 
9 ,95 
4,70 
7, 42 
28, 4 
3,70 
10,79 
4 , 3 0 
6 ,53 
21, 2 
4, 82 
12, 34 
5, 51 
6, 22 
24, 1 
4 ,01 
5,76 
3 ,35 
7 ,82 
26 ,8 
3,96 
10,07 
3, 26 
7,72 
2 7 , 3 
4 ,49 
8, 36 
3,99 
. 7, 56 
23 ,6 
6 ,92 
8, 79 
5, 43 
9, 28 
26 ,7 
3,06 
8,46 
3, 14 
7, 68 
19, 1 
4 ,85 
11, 54 
5, 14 
6,97 
2 8 , 3 
4, 15 
6, 93 
3 ,85 
7 , 8 4 
28, 1 
3,96 
8,97 
2 ,80 
8, 50 
3 3 , 3 
5, 52 
11 ,22 
4 ,17 
5 ,84 
25, 1 
7 ,37 
8,80 
6, 25 
8 ,73 
3 0 , 9 
4 ,08 
9 ,24 
4, 41 
6, 56 
24, 4 
5,63 
11,89 
5, 55 
5,91 
33, 5 
3,97 
6, 35 
4, 01 
7 ,00 
29 ,0 
4, 16 
10 ,63 
3 ,90 
7 ,15 
39 ,2 
4 , 9 2 
9,39 
3 .34 
6,96 
2 3 , 3 
6, 16 
14,6 
4, 25 
10 ,08 
44 ,4 
4 ,34 
8,99 
3, 40 
6, 27 
30,2 
6, 79 
13,8 
6, 99 
5, 57 
42, 2 
3,60 
5, 60 
3,90 
7 ,09 
38, 4 
4, 22 
12,6 
2 ,51 
7,94 
3 1 , 5 
4 , 2 1 
8,97 
4,77 
7, 52 
24, 4 
7, 37 
10,09 
4, 46 
9, 70 
32 ,2 
2 ,99 
9 ,07 
4 , 8 6 
6 .64 
18,8 
7,48 
13,58 
7,39 
5, 62 
2 8 , 8 
3 ,84 
4 ,83 
4,28 
7, 12 
28 ,3 
4, 53 
10,50 
3 ,95 
8, 15 
35, 5 
4 ,42 
7 ,33 
4 ,74 
8, 22 
24 ,9 
4, 10 
7, 54 
3, 25 
10, 17 
31 ,8 
3,80 
7 ,35 
3 , 9 5 
7 ,75 
22, 3 
6, 77 
11,07 
5,03 
7 ,61 
34, 3 
4, 34 
4, 76 
3 ,95 
7,70 
30 ,4 
4 , 3 5 
9, 16 
2 , 7 5 
9 ,33 
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of 50 c m s . After 5 mon ths , the r a p i d growth of t he p a l m s r e -
su l t ed in ove r c rowding and half of the p a l m s w e r e moved to a 
s econd shed, c lose to the f i r s t and the spac ing i n c r e a s e d to one 
m e t e r . The deviding of a la t in s q u a r e ove r two s e p a r a t e a r e a s 
a l though f requent ly found in p r a c t i c e , s t i l l i m p l i e s that t h e r e do 
not exis t i n t e r ac t ions be tween r o w s and co lumns . T h e chance that 
t h i s las t a s s u m p t i o n is not absolu te ly t r u e i n c r e a s e s when the 
above p r o c e d u r e is followed, but could under the given condit ions 
not be avoided. 
Leaf s a m p l e s w e r e t aken f rom the youngest fully opened leaf, 
each month for the f i r s t 7 months of the expe r imen t After t h i s 
pe r iod , leaf sampl ing was not poss ib l e , due to the poo r g rowth , 
combined with a fungus a t t ack of the p a l m s of s o m e of the t r e a t -
m e n t s 
(i) R e s u l t s of F o l i a r A n a l y s i s 
The a v e r a g e leaf compos i t ion for each of the t r e a t m e n t s for 
the f i r s t 7 months is shown in t ab l e s 12 and 13, e x p r e s s e d both 
on a s h and d ry m a t t e r . F o r the ca lcu la t ion of the s ignif icance 
of the difference in leaf compos i t ion be tween the va r ious t r e a t -
m e n t s , it should be bo rne in mind that the e r r o r v a r i a n c e for the 
t r e a t m e n t s , r o w s and co lumns effects a r e b a s e d in only 20 d e g r e e s 
of f r eedom, a s the monthly sampl ings of the s a m e p a l m s do not 
p rov ide t r u e r e p l i c a t i o n s . The effect of the t i m e of sampl ing and 
the i n t e r a c t i o n s of the s ampl ing t i m e with the t r e a t m e n t s , r o w s 
and co lumns , i s ba sed on one hundred and twenty d e g r e e s of f r e e -
dom. F o r the a l loca t ion of d e g r e e s of f reedom and de ta i l s of the 
a n a l y s i s of v a r i a n c e , s e e t ab l e s 14 and 15. F r o m t ab l e s 14 and 15 
the following conclus ions may be drawn: 
1) The effect of the t r e a t m e n t s on the chemica l compos i t ion of 
the l eaves has been highly s ignif icant . 
2) The effect of the a r r a n g e m e n t of the p a l m s in the sheds has not 
been of g r e a t i m p o r t a n c e , a s shown by the g e n e r a l l y in s ign i -
ficant row and co lumn effects . 
3) The effect of the month of sampl ing was in a l l c a s e s s i gn i -
ficant. The cause of th i s effect may be a s c r i b e d to env i ron -
m e n t a l and c l ima t i c condi t ions . 
4) The in t e rac t ions be tween sampl ing t i m e and t r e a t m e n t s a r e 
highly signif icant , both when e x p r e s s e d on a s h and on d ry 
m a t t e r , except for K on ash. 
Th i s ind ica tes that the changes in leaf composi t ion , a s c o m -
p a r e d with t i m e of sampl ing , a r e not s i m i l a r for a l l the t r e a t -
m e n t s . 
5) The in te rac t ion between the t i m e of sampl ing and columns is 
significant for the K and Mg contents on dry m a t t e r , and for 
the P , Ca and Mg contents on ash . 
Th i s means that changes in leaf composi t ion , induced by 
vary ing env i ronmenta l condi t ions , have not been the s a m e for 
a l l the co lumns . 
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6) The interaction between time of sampling and rows is not s ig-
nificant. 
To obtain information on the changes in leaf composition, r e -
sulting from various deficiencies, comparisons have been made 
between the complete nutrient and the other t rea tments . These 
a re listed below: 
A. N i t r o g e n D e f i c i e n c y 
Omitting N from the nutrient solutions resulted in the following 
changes. 
Potassium 
The average K content expressed as a % of dry matter is the 
same for both treatments; the K content on ash is lower in the 
deficient palms. Throughout the 7 months, the K content of the 
deficient palms on dry matter remained constant, apart from a 
decrease after the 5th month, followed by an increase to the p r e -
vious level. The drop in K content on ash, is not significant as 
compared with the complete treatment, on account of the insigni-
ficant interaction between month and treatment. 
Phosphorus 
The average P content on dry matter is significantly higher in 
the N deficient palms; if the data are expressed on ash, the dif-
ference in P content between the complete and the O N treatments 
is highly significant. 
The actual results of the analyses are tabulated in table 16. 
The P content on dry matter increases rapidly but decreases 
after 5 to 6 months, Similar changes in P content were noticed 
with t ime, as compared with the complete treatment, if the data 
were expressed on ash. 
Calcium 
The average Ca content on dry mat ter is significantly higher 
than in the palms receiving the complete treatment. When ex-
pressed on ash, there appears to be no significant difference. 
The Ca content on dry matter increases rapidly at first but de-
creases after the 5th to 6th month. 
No consistent changes are to be seen when Ca is expressed on 
ash. 
Magnesium 
The average Mg content on dry matter is significantly higher. 
On ash, there are no, significant differences. 
The Mg content expressed both on ash and dry matter, increases 
in the first 4-5 months but decreases later to a level, much below 
normal. 
Ash as a % of dry matter 
The ash content increases during the first 5 months and shows 
a slight decrease after that period. The changes in leaf composi-
tion for deficient palms as compared with those, which received 
complete nutrient solution, is demonstrated in table 16. 
Sumarising, it may be seen, that N deficiency in the leaves may 
be recognised by the abnormally high P, Ca and Mg content, p ro -
vided the data are expressed as a % of dry matter. When the data 
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TABLE 16 
MINERAL DEFICIENCIES AND LEAFCOMPOSITION 
NITROGEN DEFICIENCY 
Average leafcomposi t ion of comple te and without N - t r e a t m e n t 
T r e a t m e n t 
Complete 
Without. N 
Sig. dif/. 
at P*0 , 05 
Sign, diff. 
at P=0, 01 
. P o t a s s i u m 
It d r .m . 
2, 19 
2,20 
0 ,24 
0,32 
7o a sh 
31 ,2 
25, 1++ 
2 ,45 
2,80 
Phosphorus 
% d r . m . % ash 
0,319 4 ,57 
Calc ium 
% d r . m . % ash 
0 ,642 9 ,04 
0, 535++ 5, 7 7 + + 0, 863++ 9, 97 
0,066 0 , 5 3 
0,090 0 ,73 
0 ,096 1,64 
0 ,131 2 ,24 
Magnes ium 
% d r . m . % a s h 
0, 284 4, 12 
0,401++ 4 ,71 
0 ,039 1,17 
0 ,045 1,60 
Ash as a % oi 
d ry m a t t e r 
7 ,27 
8, 82++ 
0 ,84 
1, 14 
CHANGES IN LEAFCOMPOSITION OF C O M P L E T E AND WITHOUT N TREATMENT, 
DURING 7 MONTHS 
(data as a % of d ry m a t t e r ) 
E lement F e b r . 
in leaf 
March Apri l May June Ju ly Aug. 
% K +0,09 - 0 , 1 6 +0,16 +0 ,28 - 0 , 3 5 +0,02 +0 ,04 
% P -0 ,019 +0,134 +0 ,315 +0,348 +0,284 +0 ,401 +0,084 
j t C a - 0 , 0 0 3 +0,120 +0,186 +0,110 +0,725 +0,302 +0,176 
% Mg +0,001 +0,108 + 0 , 1 9 1 + 0 , 3 0 8 + 0 , 1 9 4 + 0 , 0 7 0 - 0 , 0 5 8 
Sign, i n t e r -
act ion at P= 
0 ,05 
0.615 
0, 133 
0,255 
0,112 
Sign, i n t e rac t , 
at P=0, 01 
0,828 
0, 179 
0,343 
0, 151 
% K 
% P 
% C a 
% M g 
Ash a s a 
% of d r . m 
+3 ,2 
- 0 , 3 2 
+0 ,45 
+ 1,41 
- 5 , 1 
+0,37 
+1, 24 
+0,97 
DATA ASH A % OF ASH 
-3 ,8 
+2,43 
+0,43 
+ 1,44 
- 8 , 2 
+ 1 , 8 5 
- 2 , 4 2 
+2 ,08 
-0 ,52 +0 ,74 +1,74 +2, 
- 1 6 , 0 
+1 ,24 
+5,21 
+0,90 
-7, 1 
+3,16 
+1, 14 
-0,30 
-10,6 
-0,32 
+0, 21 
-1,49 
+3,11 +2,18 +1,95 
not s ign. 
1,84 
4 ,00 
I„76 
2,27 
not s ign. 
2, 47 
5,39 
2 ,37 
3 , 0 5 
NOTE: the in te rac t ions a r e r e p r e s e n t e d by the differences between the c o l u m n s . 
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TABLE 17 
T r e a t m e n t 
Comple te 
Without P 
Sign, diff. 
a t P=0, 05 
Sign. diff. 
at P=0, 01 
MINERAL DEFICIENCIES AND L E A F COMPOSITION 
PHOSPHORUS DEFICIENCY 
Average leafcomposi t ion of comple te and - P t r e a t m e n t s 
P o t a s s i u m Phosphorus Calc ium Magnes ium 
% d r . m . % ash % d r . m . % ash % d r . m . % ash % d r . m . % a s h 
2 ,19 31,2 0 ,319 4,57 0 ,642 9 ,04 0 ,284 4 ,12 
2,19 32,2 0 , 2 4 7 + 3 , 6 6 + + 0 ,609 9 ,08 0,269 4 ,01 
0 ,24 2 ,45 0,066 0 ,53 0,096 1,64 0,039 1,17 
0 ,32 2,80 0,090 0 ,73 0 ,131 2 ,24 0 ,045 1,60 
Ash as a % 
of d r y m a t t e r 
7 ,27 
6 ,90 
0 , 8 4 
1,14 
CHANGES IN L E A F COMPOSITION OF COMPLETE AND WITHOUT P TREATMENT, 
DURING 7 MONTHS, (data a s a % of d ry m a t t e r ) 
E lement F e b r . 
in leaf 
March Apr i l May June Ju ly Aug. Sign, i n t e r -
act ion at P = 
0 ,05 
% K +0 ,33 - 0 , 0 3 + 0 , 0 1 +0,04 - 0 , 0 2 -0 ,19 - 0 , 1 5 1 0 ,615 
% P - 0 , 0 4 3 -0 ,058 -0 ,078 - 0 , 0 5 3 - 0 , 0 7 5 -0 ,117 -0 ,077 0 ,133 
% Ca +0 ,064 +0,075 +0 ,023 -0 ,079 - 0 , 0 9 2 -0 ,072 - 0 , 0 3 5 0 ,255 
% Mg -0 ,020 +0,031 -0 ,026 +0,045 - 0 , 0 2 5 -0 ,034 -0 ,074 0 ,112 
% K 
% P 
% Ca 
% Mg 
Ash as a 
% of dry 
m a t t e r 
+4,2 
-0 , 38 
-0,02 
-0,08 
DATA AS A % OF ASH 
+0,2 
-0,74 
+2,08 
+0, 57 
- 0 , 6 
- 1 , 4 2 
+0, 10 
- 0 , 8 5 
- 2 , 4 
- 1 , 4 4 
- 1 , 9 8 
+0, 24 
+5 ,2 
- 0 , 5 8 
- 0 , 4 1 
+0,06 
+0 ,7 
- 1 , 2 2 
+0 ,08 
+0,09 
-3 ,7 
-0,62 
+0,02 
-0,79 
-0 ,18 - 0 , 1 6 +0,12 +0,72 - 0 , 6 9 - 0 , 8 8 - 0 , 4 7 
not s ign. 
1,84 
4,00 
1,76 
2,27 
Sign, i n t e r ac t 
at P=0, 01 
0 ,828 
0, 179 
0 ,345 
0 ,151 
not s ign. 
2 ,47 
5,39 
2 ,37 
3 ,05 
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are expressed on ash, the recognition of N deficiently is less 
easy. 
It may be seen that, in the latter stages of N deficiency, when 
growth has stopped completely, there is a tendency for the con-
centrations of major elements in the leaf.to assume their "nor-
mal" level again. 
B. P h o s p h o r u s D e f i c i e n c y 
Phosphorus deficiency in the leaves is character ised by the 
following changes in leaf composition: 
Potassium 
The K content did not change significantly during the 7 months 
of the treatment. ;\ '-. 
Phosphorus 
The P content, both'expressedI" on dry matter and on ash, has 
decreased, as compared with complete treatment. 
From table 17 it may be seen'that there is a tendency for the P 
content, on ash, to increase again after 4 months of the treatment. 
This increase did not attain statist ical significance. 
Calcium 
Ca on dry matter appeared to decrease below the "normal" level 
after 3 months of the treatment, although the average effect over 
a 7 months period was not significant. 
Despite significant changes in the Ca content, expressed on ash, 
after the 2nd month of the treatment, the average Ca content dur-
ing 7 months, did not change. 
Magnesium • 
The Mg content of the l eaves , e x p r e s s e d on d r y m a t t e r , de -
c r e a s e d s ignif icant ly below the " n o r m a l " leve l but the difference 
in a v e r a g e Mg content be tween the comple te and the OMg t r e a t -
ment , was not s ignif icant . 
Ash as a % of dry matter 
No significant changes in the ash content could be detected. 
Thus it may be seen that P deficiency in palms is character ised 
by a decrease in the P content, whether expressed on ash or on 
dry matter, but that the P content on ash appears to increase 
again as the deficiency accentuates. The Ca and Mg contents, 
when expressed, on dry matter decrease. 
C. P o t a s s i u m D e f i c i e n c y 
The following changes in leaf composition were found to take 
place in K deficient palms: 
Potassium 
The average treatment effect, resulting in a decrease of the K 
content, when expressed on dry matter, is highly significant. Al-
though it may be seen from table 18 that the K content decreases 
with t ime, the interaction between month and K treatment did not 
attain significance at P = 0. 05. 
Phosphorus 
The average P content over a period of 7 months is significantly 
higher in the Kdeficient palms than in the ones which received the 
complete treatment, both if the data are expressed on dry mat-
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T r e a t m e n t 
Complete 
•: Without K 
Sign, diff. 
at P=0, 0 5 
Sign. diff. 
at P=0, 01 
TABLE 1» 
MINERAL DEFICIENCIES AND LEAF COMPOSITION 
POTASSIUM DEFICIENCY 
Average leaf compbsi t ion of comple te and - K t r e a t m e n t 
P o t a s s i u m Phosphorus Calc ium Magnes ium 
% d r . m . 1> a s h . %.dr .m. % a s h % d r . m . % a s h % d r ,m . . <f, a s h 
2 ,19 31 ,2 0 ,319 4 , 5 7 . 0 , 6 4 2 . 9 ,04 . 0 , 2 9 4 4 , 1 2 . 
1, 48++ 23, 8++ 0, 450+ . .5,79++ 0, 749+ 12, 2 3 + + 0, 348++ 5. 73++, 
A s h as a % of 
d r y m a t t e r 
7, 2.7 • 
6, 37+ 
0 ,24 2 ,45 0,066 . 0 , 5 3 0,096 1,64 0 ,039 1,17 / 0 , 8 4 , 
0 ,32 2,80 0 ,090. 0 ,73 0 ,131 2 ,24 0 ,045 1,60 1 ,14 
CHANGES IN LEAF COMPOSITION OF COMPLETE AND WITHOUT K TREATMENTS, 
DURING 7 MONTHS 
Element 
in leaf 
% K 
% P 
% C a 
F e b r . March Apr i l May June Ju ly l Aug. Sign, i n t e r - Sign, i n t e r -
ac t ion at ' ac t ion at 
- 0 , 1 2 - 0 , 5 4 - 0 , 7 0 - 0 , 4 8 - 1 , 1 3 - 1 , 3 3 - 0 , 8 1 ; ' 
- 0 ,030 +0,001 +0,001 +0,010 +0,016 +0,096 +0,116 
+0,107 +0,154 +0,171 +0,047 +0,069 +0 ,067 +0,200 
P=0, 05 
' 0, 615 
0, 133 
0, 255 
% Mg +0,011 +0,101 +0,091 + 0 , 0 9 0 + 0 , 1 3 9 +0 ,040 - 0 , 0 2 5 0 ,112 
P«0 , 05 
0 ,828 
0,- 179 • 
0..345 
0 ,151 
DATA AS A % OF ASH 
% K +1,6 
% P +0, 07 
% Ca +2, 04 
• % Mg +0, 54 
Ash as a 
% of dry 
-B, 9 
+0 ,38 
+3,63 
+ 1,78 
- 8 , 2 
+0,36 
+3,17 
+1, 15 
- 8 , 9 
+0, 11 
+0,66 
+1,38 
- 9 , 0 -
+1,87 
> 4 , 38 
+3 ,65 
- 1 2 , 7 
+3, 27 -
+4, 59 
+2,62 
- 1 3 , 2 
+2, 35 ' . 
+3 ,91 
+0, 30 ' 
not s ign. 
1,84 ••• 
. .4 ,00 
1,76 ,' 
n6t sign. 
• 2, 47 ; 
5, 39 - . 
2, 37 
m a t t e r - 0 , 5 5 - 0 , 4 6 - 0 , 5 9 +0,07 - 1 , 3 9 - 1 , 9 0 - 0 , 6 1 2,27 3,05 
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t e r and on ash. The increase in P content with intensified K de-
ficiency is significant. 
Calcium 
The average Ca content (average 7 months) expressed on dry 
mat ter or on ash, is significantly higher in the K deficient palms. 
The fluctuations in Ca content are considerable; no consistent 
increase or decrease was noticed. 
Magnesium 
The average Mg content on ash and on dry matter , is signi-
ficantly higher in the K deficient palms. It may, however, be 
seen that the Mg content decreases after 5 months, both if the 
data are expressed as a % of dry matter or on ash. These de-
creases in Mg content are significant. 
Ash as a % of dry matter 
The ash content as a % of d ry 'ma t te r was significantly lower 
in the K deficient palms. The changes in ash content with p ro -
gressing K deficiency a re i r regular and no definite t rend could 
be seen. 
Thus, K deficiency is characterised by a decrease in the K 
content of the leaves and an increase in P, Ca and Mg contents; 
expressed as a % ash or on dry matter . The ash content as a % 
of dry mat ter is below "normal". As the K deficiency worsens, 
there is a decrease in Mg content after an ear l ier increase. 
D. C a l c i u m D e f i c i e n c y 
Calcium deficiency resulted in the following changes is leaf 
composition: 
Potassium 
No change in K content has been observed. 
Pho sphorus 
The average P content of the palms of this treatment, expressed 
on dry mat ter , was lower than "normal" although the difference 
was not significant. When the P content was expressed on ash, the 
Ca deficient palms had a significantly lower P content than the 
complete treatment. The interaction between Ca treatment and 
month was not significant. No definite trend in the change in P 
content could be determined. 
Calcium 
The average Ca content, based both on a dry matter and on ash 
basis , was highly significantly lower in the Ca deficient palms. 
The decrease in Ca content with the time was significant for both 
methods of expression. 
Magnesium 
No significant difference in the average Mg content expressed 
on ash and on dry matter, was found; however it may be seen 
from table 19 that the Mg content on dry matter at first increased 
and,( affer 5 months, decreased, this being at a level below "nor-
mal". This interaction was significant. Expressed as a % on ash, 
the Mg content fluctuated slightly around the "normal" value. 
Ash as a % of dry matter 
No significant differences in ash content have been found be-
tween the complete and O Ca t reatments . 
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TABLE 19 
MINERAL DEFICIENCIES AND LEAF COMPOSITION 
CALCIUM DEFICIENCY 
Average leafcomposition of complete and without Ca treatments 
T r e a t m e n t s 
Complete 
Without Ca 
Sign. diff. 
at P=0, 05 
Sign. diff. 
at P=0 ,01 
P o t a s s i u m 
% d r . m . % ash 
2,19 31 ,2 . 
2 ,29 31,8 
0, 24 2, 45 
0, 32 2, 80 
Phosphorus 
% d r . m . 
.0 ,319 , 
0 ,283 
0,066 
0, 090 
% ash 
4,57 
3,88+ 
0 ,53 
0 ,73 • 
- Calcium 
% d r . m . % a s h ' 
0 ,642 9 ,04 
0, 458++ 6, 3 4 + + 
0,096 1,64 
0 ,131 2 ,24 
Magnes ium 
' % d r . m . 
0 ,284 
0, 288 
0,039 
0 ,045 
% ash 
4 .12 . 
4 ,01 
1, 17 
1,60 
Ash a s a % of 
d ry m a t t e r 
7, 27 
7 , 4 1 
0 , 8 4 
1, 14 
CHANGES IN LEAP COMPOSITION OF COMPLETE AND WITHOUT Ca TREATMENTS,, 
DURING 7'MONTHS. (data as a % of dry matter) 
Element 
in leaf 
Febr. March April May June July' Aug.' Sign, inter- Sign, inter* 
action at P-= action at P= 
• ' 0,05 . 0,01 :• -
%K +0,30 -0,01 +0,16 +0,39 +0,24 -0,32 -0,05 0,615 0,828 
%P -0,050 +0,020 +0,001 -0,046 -0,086 -0,016 -0,043 0,133 0,179 
%Ca -0,019 -0,042 -0,092 -0, 220 '-0,263 -0 ,336-0 ,251 0,255 0,345 
% Mg -0,001 +0,073 +0,030+0,040 +0,038 -0,055 -0,097 0,112 0,151 
DATA AS A % OF ASH 
% K +4, 4 
% P - 0 , 78 
% Ca - 0 /76 
% Mg -0 , 08 
Ash as a 
% of dry 
matte r +0, 20 
- 4 , 0 
- 0 , 4 3 
- 1 , 9 5 
+0, 32 
+ 1, 14 
+ 1,0 
- 0 , 3 4 
:• -1, 42 
- 0 , 1 4 
+0,29 
+0,2 
- 1 , 55 
- 4 , 8 7 
-0 , 16 
+1,16 
+3,0 
- 1 , 3 2 
- 3 , 80 •-
+0, 56 
+0.12 
- 2 , 7 
-0 , 37 
-4 , 16... 
- 0 , 48 
- 0 , 4 0 
- 1 , 1 
- 0 , 0 8 
- 2 , 57 
- 0 , 7 9 
- 0 , 5 2 
not s ign. 
1,84 
4 ,00 
1,76 • ' 
2.27 
hot sign. 
2,47 
5,39 
2 ,37 
3 .05 
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TABLE 20 
MINERAL DEFICIENCIES AND LEAFCOMPOSITION 
MAGNESIUM DEFICIENCY 
Average leafcomposi t ion of comple te and without magnes ium t r e a t m e n t s 
T r e a t m e n t s 
Complete 
Without Mg 
Sign. diff. 
a t P=0, 05 
Sign. diff. 
at P=0, 01 
P o t a s s i u m 
% d r . m . % a s h 
2, 19 31, 2 
2 ,38 3 0 , 4 
0, 24 2, 45 
0, 32 2, 80 
P h o s p b 
% d r .m . 
0 ,319 
0, 324 
0,066 
0,090 
o r u s 
% ash 
4 ,59 
4,09 
0 , 5 3 
0 ,73 
Calc ium 
% d r . m . % a s h 
0 ,642 9 ,04 
0, 7 9 7 + + 10, 32 
0,096 1,64 
0 ,131 2 ,24 
Magnes ium 
% d r . m . 
0 ,284 
0,252 
0 ,039 
0, 045 
% a s h 
4 ,12 
3,29 
1,17 
1,60 
Ash as a ft of 
dry m a t t e r 
7 ,27 
7 ,90 
0 , 8 4 
1,14 
CHANGES IN L E A F COMPOSITION OF COMPLETE AND WITHOUT Mg TREATMENTS 
DURING 7 MONTHS (data a s a % of d r y m a t t e r ) 
E lement 
in leaf F e b r . March Apr i l May June Ju ly Aug. 
S ign . j i j t e r - Sign, i n t e r -
act ion Tit P= act ion at P» 
0 , 0 5 0 . 0 5 
% K +0,17 +0,13 +0 ,33 + 0 , 1 5 +0 ,34 - 0 , 0 4 +0,20 0 ,615 0 ,828 
% P -0„050 +0,010 +0,007 -0 ,006 -0 ,010 +0,050 +0,038 0 ,133 0 ,179 
% Ca +0,076 +0 ,103 +0,136 +0 ,081 +0 ,135 +0,177 +0,257 0 ,255 0 ,345 
% M g - 0 , 0 1 8 - 0 , 0 1 3 - 0 , 0 3 7 +0,041 - 0 , 0 3 4 -0 ,036 -0 ,126 0 ,112 0 ,151 
DATA AS A % OF ASH 
% K 
% P 
% C a 
% Mg 
Ash as a 
1% of d r y 
m a t t e r 
+3 ,6 
- 0 , 5 7 
+1, 12 
-0 , 12 
- 1 . 3 
-0 ,48 
+1,36 
- 0 , 4 8 
+0, 8 
-0 , 53 
+0 ,62 
- 1 . 19 
- 4 , 3 
-1 ,36 
- 0 , 5 9 
- 0 , 2 7 
- 0 , 8 
- 0 , 7 0 
+3, 15 
- 0 , 8 3 
- 3 , 2 
+0,32 
+ 1, 52 
- 0 , 8 2 
- 5 , 1 
- 0 , 0 7 
+1,83 
- 1 , 9 9 
- 0 , 1 2 +0,92 +0 ,94 +1,30 +0,98 +0 ,63 +1 ,11 
not s ign. 
1,84 
4 ,00 
1.76 
2,27 
not s ign. 
2 ,47 
5,39 
2 ,37 
3 , 0 5 
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It may be concluded that Ca deficient palms have a lower Ca 
content and P content of the leaves. The Mg content expressed 
on dry matter, first increases but at a latter stage of the defi-
ciency of Ca, decreases below the "normal" level. 
It should be noticed that the palms did not show any external 
deficiency symptoms and were still growing reasonably well. It 
may thus be possible that not all the character is t ic changes in 
leaf composition have yet been determined. 
E. M a g n e s i u m D e f i c i e n c y 
The following changes in leaf composition were found in the Mg 
deficient palms: 
Potassium 
No significant changes in K content were detected. 
Phosphorus '• , '.':•• 
No significant changes in P content were observed. 
Calcium 
The average Ca content was higher than "normal" but the dif-
ference was only significant when the data were expressed on dry 
matter (table 20). The r ise in Ca content, expressed on dry 
matter, with increasing deficiency, was significant.,? 
Magnesium ' , .. 
Although the average Mg content expressed on dry matter and 
also on ash, appears to be lower, the difference did not attain 
significance at P = 0.05; However, the decrease in Mg content 
with accentuating deficiency, was significant for both means of 
expression. 
Ash as a % of dry matter 
The average ash content appears to be lower than for the com-
plete treatment, but just failed to attain significance at P = 0. 05. 
Magnesium deficiency, therefore causes a decrease in the Mg 
content and an increase in Ca content of the leaves. 
When the changes in leaf components for all the deficiencies 
are considered, the tables 16-20 m a y b e sumarised in the fol-
lowing way: ' 
"Normal" composition is represnted by O. 
A level higher than "normal" by ' + • • • ' • 
A level lower than "normal" by 
The various stages of the deficiencies may be compared as 
follows: 
65 
Deficiency 
N. 1st stage 
N. 2nd 
P . 1st 
P . 2nd 
K. 1st 
K. 2nd 
Ca. 1st 
Ca. 2nd 
Mg. 1st 
Mg. 2nd 
leaf K 
dr. mat. 
0 
0 
0 
0 
leaf P leaf Ca leaf Mg 
ash 
0 
0 
0 
0 
dr. mat. 
+ 
0 
ash 
+ 
0 
dr. mat. 
+ 
0 
+ 
+ 
+ 
+ 
ash 
0 
0 
dr. mat. 
+ 
0 
ash 
+ 
0 
0 
TABLE 21 
RATIOS B E T W E E N E L E M E N T S IN THE FIRST LEAVES AND 
MINERAL DEFICIENCIES 
T r e a t m e n t s 
Comple te 
Without N 
Without P 
Without K 
Month 
F e b r . 
M a r c h 
Apr i l 
May-
June 
Ju ly 
Aug. 
F e b r . 
M a r c h 
A p r i l 
May 
June 
J u l y 
Aug. 
F e b r , 
M a r c h 
Apr i l 
May 
June 
Ju ly 
Aug. 
F e b r . 
March 
Apr i l 
May 
June 
Ju ly 
Aug. 
K+Ca+Mg 
a s a % 
of dr . m . 
2 ,815 
2/718 
2,886 
2 ,801 
3, 592 
3 ,365 
3, 591 
2,909 
2, 786 
3, 432 
3,498 
4, 164 
3, 746 
3,748 
3, 189 
2, 795 
2 ,893 
2 ,821 
3 ,445 
3,058 
3, 340 
2 ,813 
2 ,433 
2, 468 
2, 457 
2, 660 
2, 142 
2,956 
K as a % 
of t o t a l 
67 
68 
70 
68 
75 
70 
73 
68 
61 
64 
63 
57 
63 
71 
70 
65 
70 
69 
78 
70 
74 
63 
54 
54 
58 
59 
47 
61 
Ca as a % 
of t o t a l 
22 
23 
21 
23 
18 
20 
16 
22 
26 
23 
22 
33 
26 
21 
22 
25 
22 
21 
16 
19 
17 
26 
32 
32 
29 
27 
36 
27 
Mg as a % 
of t o t a l 
11 
9 
9 
9 
7 
10 
11 
10 
13 
13 
15 
10 
11 
8 
8 
10 
8 
10 
6 
11 
9 
11 
14 
14 
13 
14 
17 
12 
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Without Ca 
Without Mg 
Apr i l 
May 
J u n e .',•'• 
J u l y 
Aug. 
F e b r . 
March 
Apr i l 
May 
June 
Ju ly 
2 ,984 
3 ,043 
;3, 608-
2, 653 ; 
3, 195 
3,027 ' 
2 ,938 
3 ,314 
3, 073 
4 ,033 
3, 466 
73 
- 76 
82 
76 
< 80 
68 
6.8 
•- 71. 
- 67 
.76 
. 66 
TABLE 21 , continued. 
T r e a t m e n t s Month K+Ca+Mg K a s a % Ca a s a % Mg a s a % 
• •....,-..-• a s a % of . total of t o t a l of t o t a l 
of d r . m . ';'. 
P e b r . 3 ,095 \ 71 20 9 
M a r c h 2,739 68 •• 21 11 
18 9 
14 10 
11 .7 
•-•>• 12 - . 12 
11 ••• 9 
23 9 
25 7 
23 6 
. ..; 24 9 
20 4 
24 10 
Aug. . 3 ,912 72 22 ' 6 
The r a t i o s between the m a j o r e l e m e n t s in the l e a v e s , r e l a t e d 
t o the v a r i o u s def ic iencies , have been c o m p a r e d in the t ab le 21 
for the K, Ca and Mg con ten t s . F r o m t h i s it m a y be s e e n tha t 
c o n s i d e r a b l e d i f ferences obtain be tween the r a t i o s of K, Ca and 
Mg, acco rd ing to the p a r t i c u l a r deficiency. When c o m p a r e d with 
t he comple te t r e a t m e n t , the . p a l m s with N def ic iency have an 
a v e r a g e K / C a r a t i o of + 2. 6 (comple te t r e a t m e n t K / G a = ± 3 . 5). 
The K / M g r a t i o of the N deficient p a l m s i s + 4. 8 aga ins t 6-8 for 
the comple t e t r e a t m e n t . In the c a s e of K deficiency, the K / C a 
r a t i o may d e c r e a s e to l e s s than 2 and the K / M g r a t i o to 3-4. 
Ca lc ium deficiency i s c h a r a c t e r i s e d by a high C a / M g r a t i o of 
2. 5-5 as c o m p a r e d with 2-2 . 5 for the comple te t r e a t m e n t . 
The r a t i o s between K, Ca and Mg have been p lo t ted in a t r i a n -
g u l a r d i a g r a m in fig. 17. Th i s ind ica tes tha t : 
a) The comple te t r e a t m e n t co inc ides with the a r e a of " o p t i m a l " 
leaf composi t ion , a s found for p a l m s in p lan ta t ions and f e r t i l i s e r 
e x p e r i m e n t s : 
b) P a l m s deficient in K, Mg, Ca o r N, occupy a different a r e a 
in the t r i a n g u l a r d i ag ram; 
c) In the K, Ca, Mg d i a g r a m , t h e r e i s no c h a r a c t e r i s t i c a r e a 
for P deficient p a l m s . 
C o n c l u s i o n s 
F r o m the r e s u l t s of the sand cu l tu re e x p e r i m e n t , it may be 
s e e n that t h e r e a r e pos s ib i l i t i e s for the r ecogn i t ion of def ic ien-
c i e s in p a l m s by m e a n s of leaf ana ly s i s only. 
In g e n e r a l it has been o b s e r v e d that the f i r s t s t age of a defi-
c iency i s c h a r a c t e r i s e d by a d e c r e a s e of the p a r t i c u l a r e l ement 
deficient in the l e a v e s . However the r e v e r s e of t h i s finding, i. e. 
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• Complete treatment 
* without N " 
Ca 
Figure 17. Triangu- / \ / \ / ° \ / \ lar diagram, showing 
the ratios between K, ,„L \L V 0 — V \ , 0 Mg and Ca in the first 
leaf for varions defi- / \ / \ ' / \ / \ / \ ciencies 
the conclusion that a palm is deficient in a part icular element, 
when its content in the leaves is low, is not necessarily true. For 
instance it has been shown that in the cases of N, P, Ca as well as 
in the case of Mg deficiencies, the Mg content of the leaves may 
decrease far below its "normal" value, as the deficiencies wors -
en. 
When P is deficient, leaf Ca may decrease simultaneously with 
the P content, whereas the P content increases again with in-
tensified P deficiency. 
Although the behaviour of leaf P is the case of P deficiency 
may seem rather paradoxical, s imilar changes in leaf compo-
sition have been found by STEENBJERG, for the Cu content of 
oats. These results may be explained by the sigmoidal shape of 
the yield curve (giving yield as a function of the concentration of 
an element in the nutrient medium). The classical presentation 
of hyperbolic or parabolic yield curves does not hold for cases of 
extreme deficiency. At a certain stage in the deficiency, growth 
almost ceases; this may. be due to an advanced stage of the de-
ficiency, but other factors may also be involved, such as climate 
or disease incidence. The plant accumulates as much as possible 
and may remain alive for a long period, without displaying any 
marked change in external symptoms. The supply of the deficient 
element causes a growth response but a decrease of the particular 
element in the leaves, due to the "dilution" effect in the growing 
t issues, so that uptake cannot keep pace with the plants require-
ments. At a later stage, when the root system is re-established 
and ion uptake is able to follow the production of new leaves, the 
deficient element starts to accumulate. 
The above facts show clearly that the absolute level of a single 
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e lement m a y neve r s e r v e as r e l i a b l e indica t ion of a def ic iency. 
Much the s a m e may be sa id in r e s p e c t of r a t i o s be tween e l e -
m e n t s , a s shown in t r i a n g u l a r d i a g r a m s . When an e lement , is 
deficient , the dots , r e p r e s e n t i n g the r a t i o s be tween the e l e m e n t s 
in the l e a v e s , may occupy a c e r t a i n " c h a r a c t e r i s t i c " a r e a in the 
t r i a n g u l a r d i ag ram, but again, the r e v e r s e is not n e c e s s a r i l y 
t r u e . The f i r s t s t ages of K deficiency a r e iden t i ca l with N defi-
c iency a s r e g a r d s the r a t i o s be tween K, Ca a n d / o r Mg. 
The r a t i o s between K, Ga and Mg, when P is deficient , m a y be 
s i m i l a r to t hose when Ca or Mg a r e deficient . 
Thus , the r e p r e s e n t a t i o n of data in t r i a n g u l a r d i a g r a m s , o r a s 
r a t i o s does not p rov ide any m o r e e s s e n t i a l in fo rmat ion for the 
de t e rmina t ion of def ic iencies than the changes in ac tua l concen-
t r a t i o n of the va r ious e l emen t s in the l e a v e s . 
The ac tua l changes in the concen t ra t ion of leaf componen t s , a s 
have been obse rved in the sand cu l tu re e x p e r i m e n t , m a y s e r v e a s 
a p r e l i m i n a r y guide for qual i ta t ive d iagnosis of def ic iencies in the 
p lan ta t ions . T h e i r val idi ty wil l need to be conf i rmed by m e a n s of 
fo l ia r ana lys i s af ter f e r t i l i s e r app l i ca t ions . 
(ii) D e f i c i e n c y S y m p t o m s of t h e O i l P a l m 
During the c o u r s e of the sand cu l tu re e x p e r i m e n t , the p a l m s 
r ece iv ing c e r t a i n t r e a t m e n t s d isplayed definite deficiency s y m p -
t o m s . T h e s e a r e d e s c r i b e d below. 
It is emphas i zed that the s y m p t o m s apply, to young p a l m s . It 
i s p robab le that ident ica l symptoms will be shown by adult p a l m s 
but apa r t f rom Mg (BULL 1954) th i s has not yet been proven , 
1) P o t a s s i u m 
The e a r l i e s t s y m p t o m s to develop was a c h l o r o s i s of the old 
l e a v e s . Th i s cons i s t ed of a yel lowing at the t ips and edges of the 
leaf le ts at the d i s ta l end of the l eaves , which s p r e a d s i nwards t o 
the m i d r i b of the leaf le ts and a l so downwards to the base . The 
l a m i n a in the i m m e d i a t e vicini ty of the m i d - r i b r e m a i n e d da rk 
g r e e n . These symptoms were f i r s t obse rved af te r 7-8 months . 
3 of the 6 p a l m s , deficient in K, showed a b n o r m a l symptoms on 
the younger leaves a f te r 10 mon ths . Th i s abno rma l i t y was the 
p r e s e n c e of sma l l , pa le , a lmos t white longi tudinal spo t s , s c a t t e r -
ed over the l aminae of the leaf le ts , and was m o s t noticeable in 
the c e n t r a l p a r t of the leaf le t s . 
Growth of the p a l m s was not g rea t ly affected by the deficiency. 
2) N i t r o g e n 
This r e s u l t e d in v e r y poor growth of the p a l m s and a homo-
genious yellowing of the leaf le ts of a l l the l e a v e s . The youngest 
fully opened leaf was a very pa le y e l l o w - g r e e n while the o lde r 
l eaves w e r e definite yellow. The leaf le t s of the oldest l eaves 
showed some sco rch ing at the t ips and, occac iona l ly at the e d g e s . 
The veins of the leaf le ts w e r e yellow and the leaf r a c h i s was 
yellow at the dis ta l end. 
3) M a g n e s i u m 
The oldest leaves w e r e f i r s t affected and showed symptoms 
af ter 3-4 months . The leaf le ts at the d i s ta l end of the oldest 
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leaves showed an ochreous - yellowing of the laminae at the distal 
part . The discoloured a rea spread and changed to a more definite 
yellowing and later to a bright orange colour, which eventually 
affected the whole of the oldest leaves. The tips and edges of the 
severely affected leaflets became scorched and brown coloured 
and finally grey, following desiccation. 
There was a considerable s imilar i ty between the early symp-
toms of Mg deficiency and the chlorosis resulting from K defi-
ciency. 
4) No external deficiency symptoms were observed in the palms 
deficient in Ca and P . 
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VII. F O L I A R A N A L Y S I S A N D F E R T I L I S E R E X P E -
R I M E N T S 
In the p r e c e d i n g c h a p t e r s , it has been shown that t he c h e m i c a l 
compos i t ion of the l eaves of p a l m s , g rowing under widely dif-
ferent condi t ions of so i l and c l i m a t e , v a r i e s within n a r r o w l i m i t s , 
p rov ided growth and produc t ion a r e " n o r m a l " . As soon a s a p a r -
t i c u l a r deficiency o c c u r s , a c h a r a c t e r i s t i c change in leaf c o m p o -
s i t ion is not iced. Th i s enables a d iagnos i s of p o s s i b l e m i n e r a l 
def ic ienc ies in the field to be m a d e . The next s t ep in the i n v e s t i -
gat ions should be : 
1) t o check whether the c h a r a c t e r i c t i c changes in the leaf c o m -
pos i t ion for each p a r t i c u l a r def ic iency, a s o b s e r v e d in the sand 
cu l t u r e expe r imen t , a l s o occu r in p a l m s , growing in the p l a n t a -
t ion; 
2) In tha t event, it r e m a i n s t o be shown that t h e s e def ic ienc ies 
m a y be r e m e d i e d by m e a n s of a p p r o p r i a t e f e r t i l i s e r app l i ca t ions . 
3) Evidence should be obta ined to d e t e r m i n e to what extent 
g rowth /p roduc t ion - r e s p o n s e s c o r r e s p o n d with changes in leaf 
compos i t ion t o w a r d s the "op t ima l " leaf compos i t ion . 
F o r th i s p u r p o s e , a number of f e r t i l i s e r e x p e r i m e n t s in the 
Congo, which had given significant r e s p o n s e s to f e r t i l i s e r app l i -
ca t i ons , w e r e at our d i sposa l . They w e r e ma in ly des igned to i n -
ves t iga te r e s p o n s e s to appl ica t ions of K, P and Mg. To date , no 
pos i t ive growth o r p roduc t ion r e s p o n s e s t o N or Ca appl ica t ions 
have been obtained. 
( i ) T h e E f f e c t of P o t a s s i u m F e r t i l i s e r s 
1) On young p a l m s . 
In a p lanta t ion in the Kasai region, a f e r t i l i s e r expe r imen t on 
young p a l m s had been laid down, to d e t e r m i n e whe ther pos i t ive 
growth r e s p o n s e s could be obtained by m e a n s of v a r i o u s f e r t i l i s e r 
t r e a t m e n t s , including P o t a s s i u m appl ica t ions at two l eve l s . 
The expe r imen t cons i s t ed of 27 r a n d o m i s e d p lo ts of 15 p a l m s 
p e r plot with 9 r ep l i ca t ions at each leve l of P o t a s s i u m . The t r e a t -
m e n t s c o m p r i s e d : 
1. No P o t a s s i u m ; 
2. 100 g r . K9O p e r pa lm p e r annum; 
3. 250 g r . " " " " 
Growth i n c r e a s e s , a s m e a s u r e d by height , w e r e de t e rmined for 
each individual pa lm, 2 y e a r s a f te r app l ica t ion of the f e r t i l i s e r s ; 
bulk leaf s a m p l e s of the 1st and 9th l e a v e s of each pa lm w e r e 
t aken p e r plot , giving r e p r e s e n t a t i v e s a m p l e s . The height i n -
c r e a s e s and leaf ana lys i s data a r e t abu l a t ed in t ab l e s 22 and 23 
and f igure 18. It was unfortunate that the leaf s a m p l e s could not 
be p r o p e r l y dr ied , p r i o r to despa tch to the c e n t r a l l abora to ry , and 
consequent ly , the a s h content a s a % of d r y m a t t e r could not be 
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Figure 18. Changes in leafcomposition and growth responses of 
fertiliser experiment on young palms (data as % of ash) 
T A B L E 22 
GROWTH RESPONSE AND L E A F ANALYSIS OF FERTILISER 
EXPERIMENT ON YOUNG PALMS 
(Leaf, a s a % of ash) 
% K % Ca % M g % P K / P K / Ca 
20 ,7 1 1 , 3 3 ,83 4 ,12 5 ,04 1,96 
23, 4 10, 3 3,60 3 ,75 6 ,36 2 , 3 3 
24,0 9 ,41 3 ,53 3 ,24 7 ,51 2 ,60 
1,8 1,06 ins ign. 0 , 2 5 0 , 6 7 + 0 , 2 9 
0, 9 7 + + 
T r e a t m e n t 
No K 
Low K 
High K 
Sign. diff. 
at P = 0 , 0 5 
A v e r a g e 
height in 
c m 
-235 
296 
318 
18, 5 
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TABLE 23 
GROWTH RESPONSE AND LEAF ANALYSIS OF FERTILISER 
EXPERIMENT ON YOUNG PALMS 
(Leaf 9 as a % of ash) 
Treatment 
No K 
Low K 
High K 
Sign, diff. 
at P=0, 0 5 
Average 
Height 
235 
296 
318 
18,5 
% K 
12,1 
15,2 
17, 5 
2 ,2 
%Ca 
2 , 6 
2, 5 
11,4 
insign. 
% Mg 
5,28 
5,25 
5,07 
insign. 
% P 
2,90 
2,91 
2,89 
insign. 
K / P 
4,08 
5,17 
5,99 
0,85+ 
1,2++ 
K/Ca 
1,13 
1, 50 
1,68 
insign, 
determined. For this reason the data in tables 22 and 23 refer only 
to figures expressed on ash. The resul ts indicate that: 
a) The first leaves of the non treated palms have a K content 
below the optimal value for K. 
Ca, Mg and P on the other hand are high, as compared with the 
optimal levels. The K/P and K/Ca ratios are low in comparison 
with those, normally found for palms growing under optimal con-
ditions. This would seem to suggest that, in this case, the. K con-
tent of the soil is the limiting factor. 
b) As was to be expected, applications, of Potassium to the 
palms resulted in significant positive growth responses. The 
palms, receiving the low level of application, showed a growth 
increase of 61 cm over control. 
The higher level of application resulted in a growth response, 
significantly better than the other t reatments (22 cms increase 
over the low rate of Potassium treatment) . 
c) The change in leaf composition corresponds closely with the 
K applications and growth response. The effect of the low level 
of application may be observed in an increase of K in the 1st and 
9th leaves and decreases in Ca, Mg, and P contents; this applies 
particularly in the case of the 1st leaf. The K/P and K/Ca ratios 
increased after the application of Potassium, as could be anti-
cipated. The application of the high rate of K, resulted in a further 
increase in leaf K which is more apparent for the 9th than for the 
1st leaf. The Ca, Mg and P contents decreased, whereas the K/P 
and the K/Ca ratios increased further, as the result of the higher 
K applications. In general,, variation in the data, especially for 
Ca and P is greater in the 9th than in the 1st leaves. Although, 
as a general rule, changes in leaf composition in the 9th leaves 
were s imilar to those in the first, the variation in the latter ap-
pears to be much less . 
This s t r e sses the advantage of sampling the 1st leaf as a rou-
tine practice. 
Growth responses and corresponding changes in leaf compo-
sition, induced by the Potassium applications, a re further de-
monstrated in fig. 18. 
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2) Productive palms. 
In the same area, a fer t i l iser experiment on 14 year old palms 
was laid down to, ;det«ririine'whether yields could be increased by 
means of f e r t i l i se r s^ anti" whether ^positive production responses 
would correspond with changes in leaf composition. 
The experiment consisted of a randomised plot design with 3 
treatments- and 3'replications. Each of the 45 palms per plot r e -
ceived the following t rea tments : •'-.• 
a) A potash dressing of 2300 gr of potassium sulphate per palm 
': per annum. : ; : ;: "-' .••'"' 
b) A complete fer t i l iser application of: 
2300 gr of potassium sulphate; 
3-700igr^of rock phosphate; 
c
 5000 gr of ammonium sulphate; 
3600 gr of lime stone; 
;
 ' •' -5200 gr of magnesium sulphate. 
c) Control. ••-'•• '•• • r ^ 
The production in kg of bunches per individual palm was r e -
corded from the star t of the experiment. In table 24, the average 
production for each of the t reatments , covering a period of
 ctwo 
years after the first fer t i l iser applications had been made, are 
given.. "•""•'•; - •'-- ' . ' ' • ' -•' ',,••.- ' • • , • • . 
Leafsamples were taken from individual-palms, and bulked for, 
the total palms per plot, two years" after the first application of 
fert i l isers had been made; The analytical resul ts for the 1st and 
9th leaves are.given in table 24. Again, no ash content could be 
determined, due to incomplete drying of the samples, pr ior to 
despatch to the central laboratory. 
From the resul ts given in table 24, the following conclusions 
may be drawn: 
1) The K content of the 1st leaves from the control plots is below 
the optimal value, whereas the P and Ca contents a re materially 
higher. Consequently, the ra t ios between K and Ca or P are much 
lower than normally found. This leaf composition i s , as has been 
seen in the case of the sand culture experiment, character is t ic 
for K deficiency. 
2) In accordance with the expectations, the experiment showed a 
significant response to the application of K and the complete fer-
t i l i ser t reatment . The application of K, alone, resulted in doub-
ling the production, as compared with the control. The difference 
in production between the plots, receiving a complete fert i l iser 
application, and those with K only, does not attain stat ist ical s ig-
nificance. 
3) The changes in the leaf composition, induced by the fert i l iser 
t rea tments , are in the direction of optimal composition; both the 
application of K and the complete fert i l iser increased the K con-
tent of the 1st and 9th leaves as compared with the control; fur-
ther , the Ca and P contents of the 1st leaves decreased as the r e -
sult of fer t i l i sers , and consequently the K / P and K/Ca ratios in-
creased. In the 9th leaves, the Ca and Mg contents decreased as 
the result of t reatments . The K/P and K/Ca ratios in the 9th 
74 
leaves increased, when fer t i l isers were applied. Thus, the appli-
cation of K alone, had the same effect on production as the com-
plete N, P , K, Ca, Mg applications and induced changes in the 
chemical composition of the leaves towards optimal composition. 
C o n c l u s i o n s 
a) The qualitative diagnosis of K deficiency of the control plots 
of the experiments, as was suggested by the previous conclu -
sions of the sand culture experiment, proved to be correc t . 
b) The resul ts obtained from the experiments suggest that the 
concept of "optimal" leaf composition and the character is t ic de-
viation in leaf composition in the case of K deficiency, a re reliable 
cr i ter ia under practical conditions. 
( i i ) T h e e f f e c t of P h o s p h a t e F e r t i l i s e r s 
1) Young Palms. 
In a plantation in the Central Congo basin, located on a me-
dium to heavy red latosol, with a high content of active iron and 
aluminium, a fert i l iser experiment on young palms, entering into 
production, had been laid down with the object of determining 
whether production responses to applications of N and P could be 
obtained. The experiment comprised the following t reatments : 
a) Two rates of applications of rock phosphate of 900- and 2000 
gr per palm/year respectively. 
b) An application of sulphate of ammonia of 1200 and of 2400 
gr per palm/year respectively. 
c) Control. 
The design of the experiment was a 3x3 factorial with 3 repl i -
cations in blocks of 9. 
The production responses were recorded by counting the number 
of bunches and female inflorescences per plot, at regular inter-
falls. 
Leaf samples were taken from the 1st and 9th leaves of all 
palms in the experiment. The samples from each plot were bulked 
and analysed in the laboratory, one year after the first fert i l iser 
application had been made. 
Table 25 shows the response in production to each of the fer-
t i l i ser t reatments, and the leaf analytical data of the 1st and 9th 
leaves expressed both on ash and dry matter . From the table it 
follows that: 
a) The composition of the 1st leaves from the control plots 
suggests that P is the limiting factor. 
The P content of 0.182% of dry matter and 3. 08% of ash lies 
below the optimal value. On the other hand, the K content of the 
1st leaves of 1.86% of dry matter or 31. 5% of ash is "normal". 
The K/P ratio at + 10 is higher than the optimum of 8. The Ca. 
content on dry matter is slightly below the optimum. The Mg 
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T A B L E 24 
PRODUCTION RESPONSES AND L E A F ANALYSIS DATA OF F E R -
TILISER EXPERIMENT ON 14 YEAR OLD P A L M S 
(f igures a s a % of ash) 
L E A F 1 
% K % P % Ca % Mg K / C a K / P 
2 6 , 2 2 ,22 7 ,02 3 ,33 3 ,73 1 1 , 8 
28, 3 2 ,87 7 ,00 3,57 4 , 1 1 9 , 8 4 
25, 4 3 , 7 5 10 ,4 3 ,42 2 , 4 1 6 ,9 
2, 66 0 , 32 0 , 8 5 0 ,33 0 ,32 0 ,90 
L E A F 9 . . 
27, 4* 2, 43 7, 68 3 ,30 3 ,61 11 ,2 
2 4 , 8 , 3 , 2 1 8 ,54 4 ,28 3,02 7 ,96 
19 ,9 2 , 9 4 1 0 , 8 4 ,87 1, 87 7, 15 
2 , 4 0 , 0 , 2 6 . 0 , 5 5 0 ,41 0, 24 0, 88 
T r e a t m e n t s 
P o t a s h 
N P K Dolomite 
Without P o t a s h 
Sign. diff. at 
P * 0 ,05 
P o t a s h 
N P K Dolomite 
Without P o t a s h 
Sign, diff. at 
P = 0, 05 
Ave rage 
P r o d , in kg 
bunches p e r 
p a l m 
7 6 , 8 
62, 2 • 
30 ,7 
15 ,0 
, 7 6 , 8 
,62 , 2. .-
. ,.'. 30, 7 
15 ,0 
content i s h igher t han the op t ima l f igure when e x p r e s s e d on ash . 
The compos i t i on i s c h a r a c t e r i s t i c for the f i r s t s t age of P defi-
c i ency a s shown p r e v i o u s l y . . • • . . - , . 
b) F r o m t ab le 25 and a l s o from f igure 19, it may be s e e n that the 
app l i ca t ions of P to the p a l m s r e s u l t e d in pos i t ive p roduc t ion 
r e s p o n s e s , which w e r e s igni f icant . N appl ica t ions showed a n e g a -
t ive r e s p o n s e . 
c) The p roduc t ion r e s p o n s e s to P r e s u l t e d in a s i m u l t a n e o u s 
s ignif icant i n c r e a s e in the P content of the 1st leaf, both when 
e x p r e s s e d on d r y m a t t e r and a sh . 
The N appl ica t ions which gave a negat ive r e s p o n s e did not 
change s igni f icant ly the leaf composi t ion . 
F r o m the signif icant d i f ferences in p roduc t ion be tween the high 
and low P t r e a t m e n t s and the i n c r e a s e in P content of the 1st 
l e a v e s which i s a lmos t p ropor t i ona l to the p roduc t ion r e s p o n s e s , 
the conclus ion may be drawn that it i s p robab le that even heav i e r 
appl ica t ions of rockphosphate t han 2000 g r / p a l m might have , r e -
r e s u l t e d in g r e a t e r product ion r e s p o n s e s . 
The, 9th leaf did not show any signif icant i n c r e a s e s in P content 
a s a resu l t , of the P appl ica t ions . 
The expe r imen t was continued wi th i n c r e a s e d appl ica t ions of 
r o c k phosphate , 5 and 10 kgs p e r pa lm applied, with a view to 
76 
CO 
< 
g 
o 
o 
I—( 
« 
ft 
w 
g 
I—I 
a 
l-H 
H 
« 
W fa 
« 
ffl 
O 
fa b 
O rt 
o> 
to > , |M 
o 
ft 
CO 
w 
K 
fa 
w 
J 
K 
fa 
fa 
o 
CO 
s 
3 
fa 
.2 * 
S 01 
O 
o 
3 
o 
J3 a 
to 
o 
0. 
o 
a. 
01 
CI 
01 
C 
^ f t O C O C O C O - ^ C O r H i - t OT *H CO i-i O CO .2?= 
c n i n t o c n i n o o c M ' ^ co in co oo .-i co to 
m c o t D c o m c - c o t o i n c o c o m c o t c T t Q ' l ^ -
a 
rot-coioinnomw »-H »-i CM co •* f- a) 
c o o ^ m - ^ c o c o c o o co co m in r-*- r- +j 
E ~ C D m i n c O T l < c o m r - CO m CD CO CO in J5 
I 
c 
o c o m c o c o o > c O ' < f » - i r - o co i n CT> CM ;^ -
^ c o c o c o m c o c o c o c o co co r- o co co a) 
^ c o c o o o o o c o e o c o c o n n n ^ n n •• 
C L o * o o * o " o o * o * o o o d * o * o * o * § : 
c 
ho-t - m c D r - e M C - i - i O o m c o a > c o c M c n c o * ^ ~ 
O 3 T - H 0 0 O 3 C O C - C - , » H ' ^ CD ^ M lO ^ O M 
• t o * * * * * * * • » • » • > « Ik * -»J 
0 5 O ) t - ^ C J N f f l O ) H 00 CO C3 CO en Oi O -
•-i a 
j - I T f T J i c O C O C O C O T - I C M O ^ f O C O - ^ T H - S , 
n i o n ^ n ^ o t o H -<*< **< co CM in to -^ = 
m i r j t n m i n m i n m c o in in io in m in M 
0 * 0 0 0 0 0 0 * 0 0 o o o o o o "g -
c " 
c o c o o i > c o c n c n ' ' * ' c o . - l O c n o c M c o . W ' c o 
O c n t ~ C O C O t ~ C O C M O C n . - H C n c M C O ' - l t Q C O 
c o { N , r s T c ^ c o l N * e o ' ^ * ' ^ N co n n n n o * o " 
C M C O T H O O I - H ^ C O O O C O ^ eo O) DO t o r» N C O 
0 0 0 0 0 0 0 3 0 0 3 T H t O i - H C 0 C 3 C M C n r - * c n C M C O 
* - H i - H . - H . - I C M » - I C M C 3 C M T H T H C M T H W T - H O O 
o * c T o o * o * o * 0 * 0 * 0 ' o o o o o o o o 
c* 
m c o i - i P o c o o c o c N i r H TJ< co io t~ ^ o £1 -
, « . , . » . , - . • • » • _ r m m ' i - I O C n C ~ l > C - C O C O ' - < O C- CO O £ 2 +J 
C O C O , C M C M C M C M C O C O C O co CM co co ™ CM 0
 = 
c 
c o c o - ^ i - i c M c n i n c o c - ^H t- co o co co ^J1; 
as o en en in co- en .-t to en i> en en co oo m 
B 
i—1 
a! 
B 01 
*t-i 
o 
01 
XI 
H 
o> 
o 
J2 
+ 
01 
•S 
££ 
m 
C 
01 
a 
•a 
!H 
H 
i 
(0 
o 
.G ft 
•s 
0 
^^ 
u 
V, 
o 
o 
»£ 
a 
m 
cs 
i 
O. 0 
Of £ 
01 a) 
•s ° 
,C 
a 
m in 
o o 
CM o ** -"J* 
0 0 0 » - l ~ H ^ H C M C M C M < 
ftftftftftftftftii,' 
O ' - ' C M O i H C M O i - f C M 
O f-H CM O »-i 
a, a, a, z £ : 
nl 
m r-4 
o o 
o o 
« H 
ftft 
at 
C) 
01 
01 
c 
rt 
a 
<> 01 
01 
c 
a 
es 
c c* 
bobs 
77 
E 0,22 
§ 
^0.20 
0. O.lt 
HI 
110 120 
Production 
Figure 19. Number of bunches + female flowers as a % of control 
(after 1 year, and the changes in P content of the le leaf) 
determining the optimal level of application which according to 
the leaf analytical data, had not yet been attained... 
The production records over the period of one year after the 
heavy application, have been compared with theleaf analytical data 
in table, 26. The data show that the control, plots suffer from a 
more advanced degree of P deficiency/ as compared with the 
previous year; the P content is sti l l much below the optimum, but 
the K cdntent of the leaves has increased considerable, whereas 
the Mg content has decreased. This stage of P deficiency is s i -
mi lar to the latter stages of the P deficiency in the palms of the 
sand culture experiment. 
The high applications of roCkphosphate during the 2nd year after 
the experiment was started, resulted in very marked production 
responses; moreover it is shown in the table 26 that the produc-
tion increase during the second year is- proportional to the in-
creased P content of the leaves (see also figure 20). However, the 
chemical composition of the leaves of the high P t reatments is 
still not "optimal", as suggested by the relatively high K and ash 
content" of the leaves. An explanation for the fact,that the optimal 
composition has sti l l not been established, cannot be deduced 
from the data, presented in the table 26. It may be that the P 
fixation capacity of the soil is so extreme that even the very high 
applications of rockphosphate have-not been able to res tore the 
"optimal" conditions in the leaves in one year . On, the other hand, 
the shock dose of rock phosphate may have induced another de-
ficiency such as Mg or minor elements. 
In order to find out whether elements other than -P are factors 
limiting the production, especially when regular applications of 
N and P are made, an experiment was laid down in the same area, 
comprising the following treatments: 
a) 1100 gr of potassium sulphate per palm per annum; 
b) 1500 gr of magnesium sulphate " 
{) 6400 gr of calcium carbonate 
d) 320 gr of copper sulphate 
e) 320 gr of manganes sulphate 
f) 32 gr of borax 
g) 13 gr of a mixture of equal weights of zinc sulphate, nickel 
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Figure 20. Number of bunches 
+ female flowers as a. % of 
. control (after 2 years, and 
the changes in P content of 
the first leaf 
sulphate, cobalt sulphate and ammonium molybdate per palm 
per annum. 
All palms received a dress ing . of 900 gr of rockphosphate + 
1200 gr of ammonium sulphate during the first year of the expe-
riment. After the first year, the application of phosphate was in-
creased to 10 kg per annum. . 
The design of the experiment was a 27 factorial in 16 plots 
(one eight replicate), allowing for the determinations of the 7 
main effects only. - - ' 
Each plot comprised 36 palms. 
Table 27 gives the foliar analysis resul ts after the first year. 
This shows that none of the t reatments changed the leaf compo-
sition considerable, but that all palms show a definite P defi-
ciency, as suggested by the extremely low P contents of the 
leaves, despite the application of 900 gr rock phosphate, In ac-
cordance with expectations, no significant production responses 
resulted from the various fert i l iser t reatments . 
The heavy application of rock phosphate, however, during the 
second year after the experiment had been laid down resulted in 
a serioud attack of the Little Leaf disease, expecially in the plots 
receiving potassium, but not a single case in those, where boron 
was- included in the fert i l iser application. The fact thet Little 
Leaf Disease in the oil palm is due to boron deficiency had been 
shown previously by FERWERDA and KOVACHICH (1954). 
This may partly explain why the heavy P dressings failed to 
res tore the "optimal" leaf composition, despite the very signi-
ficant effect of P applications on the production, which correspond 
with significant increases in P content of the leaves. 
The very high P fixation capacity of many Congolese soils, to 
which further reference will be made later in this work, riecessi -
tates the application of very heavy doses of the relatively insoluble 
rock phosphate. It has been shown that these heavy applications 
increase the production of the palms and, at the same time, the 
P content of the leaves. On the other hand, shock doses of rock 
phosphate may induce other deficiencies as was suggested by the 
fact that these heavy P dressings did not reestabl ishthe "optimal" 
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TABLE 27 
CHEMICAL COMPOSITION OF LEAVES OF FERTILISER EXPE-
RIMENT ON YOUNG PALMS 
Data on dry m a t t e r . 
Leaf 1 
Treatments % K %P % Ca % Mg % Ash 
+ K 2,23 0,191 0,620 0,377 7,32 
- K 2,00 0,186 0,654 0,381 6,79 
+ Mg 2,00 0,186 0,619 0,380 7,07 
- Mg 2,23 0,191 0,654 0,380 7,05 
+ Ca 1,91 0,183 0,659 0,373 6,87 
- Ca 2,31 0,194 0,616 0,385 7,24 
+ Cu 2,08 0,183 0,609 0,388 7,24 
- Cu 2,15 0,194 0,665 0,371 6,87 
+ Mn 2,17 0,184 0,663 0,371 6,49 
- Mn 2,06 0,193 0,611 0,387 7,62 
+ B 2,12 0,194 0,612 0,370 7,22 
- B 2,11 0,183 0,661 0,388 6,90 
+ minor ele-
ments 2,16 0,193 0,654 0,416 7,47 
- minor ele-
ments 2,07 0,184 0,620 0,342 6,64 
composition of the leaves. As, however, the control plots in the 
N, P experiment had a much higher K and a lower Mg content 
after the second year than after the first year , indicating an in-
creased degree of P deficiency, the boron deficiency, as found 
later, may be indirectly caused by the P deficiency; the influence 
of the increase in leaf K content as a result of P deficiency maybe 
responsible for a decrease in leaf boron content, in the same way 
as the high K content has a depressing effect on the Mg content. 
Although the correct interpretation of the different phenomena 
does not follow directly from the data in the tables , leaf analysis 
has been shown to be a valuable aid in the interpretation of the 
resul ts of field experiments and in predicting the possible r e s -
ponses before the actual growth and production increases have 
been obtained. 
2) Fert i l ising of Productive 10-year-old palms. 
In a plantation in the Central Congo basin, the chemical compo-
sition of the leaves was characterised by: 
a) a low P content, much below the "optimal" level; 
b) a medium to high K content; 
c) a Ca content slightly below the "optimum"; 
d) a "normal" Mg content. 
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This compos i t ion would s e e m t o ind ica te P def ic iency. A f e r t i -
l i s e r e x p e r i m e n t had a l r e a d y been la id down in t h i s a r e a , c o m -
p r i s i n g the following t r e a t m e n t s : 
a) 0. 425 kg u r e a p e r p a l m p e r annum; 
b) 1. 000 kg of s u p e r phosphate p e r p a l m p e r annum; 
c) 0. 900 kg p o t a s s i u m sulphate " " " " 
d) 0. 700 kg m a g n e s i u m s u l p h a t e " " " " 
e) 0 ,800 kg ground l imes tone " " " " 
f) 0. 200 kg copper su lphate " " " " 
The lay out of the e x p e r i m e n t was a 2 ° fac to r i a l wi th confounding 
of s o m e h igher o r d e r i n t e r a c t i o n s for the e s t i m a t i o n of t h e e r r o r 
v a r i a n c e . Each e x p e r i m e n t a l plot c o m p r i s e d 51 p a l m s . The data 
of the fol iar a n a l y s e s of s a m p l e s t aken af ter one y e a r , a r e given 
in t ab le 28. The r e s u l t s show: 
1) That the appl ica t ion of 1 kg of s u p e r phospha te did not a l t e r 
t he c h e m i c a l compos i t ion of the l e a v e s s ignif icant ly; 
2) That the p a l m s w e r e s t i l l P deficient . 
In o r d e r t o d e t e r m i n e whether the lack of r e s p o n s e t o phospha te 
was poss ib ly due to a high P fixation capac i ty of the so i l , so i l 
s a m p l e s w e r e taken f rom the e x p e r i m e n t a l a r e a , on which the fo l -
lowing inves t iga t ions w e r e c a r r i e d out: 
A bulk s a m p l e was devided into 14 s u b - s a m p l e s , f rom e a c h 
of which 10 g r w e r e weighed out. To t h e s e , so lu t ions of NaH2P04 
of known concen t r a t ions w e r e added and shaken dur ing one hour . 
One s e r i e s of 7 s a m p l e s was washed with w a t e r and the o the r 
with 1% c i t r i c acid. 
P was d e t e r m i n e d in the f i l t r a t e . 
The r e s u l t s of t he se a n a l y s e s a r e shown in t ab l e 29. The P 
fixation capac i ty has been e x p r e s s e d a s a % of the difference b e -
tween the amount of P added and the amount of P found in the 
so i l a s e x t r a c t e d by w a t e r or c i t r i c acid. 
F i g u r e 21 shows the P f icat ion capac i ty of the so i l a s a func-
t ion of logar i thm of the added quant i ty of P , both for the wa te r and 
the c i t r i c ac id ex t rac t ion . F o r p u r p o s e s of c o m p a r i s o n , the added 
quant i t i es of P have been e x p r e s s e d in tons of r o c k phosphate 
added p e r Ha. Although th is i s not jus t i f ied , a s : the condi t ions , 
under which the P was fixed in the l a b o r a t o r y , a r e en t i r e ly dif-
ferent from those in the field, the r e s u l t s s e r v e t o i l l u s t r a t e t he 
e x t r e m e l y high P fixation capac i ty of the so i l . It wi l l be s een tha t 
an ex t r ac t ion with 1% c i t r i c ac id did not r e m o v e impor t an t quan-
t i t i e s of P . f rom the so i l , desp i te the fact tha t the c i t r i c ac id 
anion is able to r ep l ace the a d s o r b e d PO4 ions in the so i l . 
When t h i s fact b e c a m e known, a l l the p lo ts r e c e i v i n g P i n t he 
f e r t i l i s e r , w e r e given an addi t ional 10 kg of r ock phosphate p e r 
pa lm , appl ied in a n a r r o w band on the s u r f a c e . Six months a f te r 
t h i s heavy applicat ion had been m a d e , leaf s a m p l e s were aga in 
taken , the analy t ica l r e s u l t s of which a r e given in t ab le 28. 
It may be s e e n that the appl ica t ion of rockphospha te r e s u l t e d in 
a highly significant i n c r e a s e in the P content of the 1st l e a v e s , 
e x p r e s s e d a s a % of d ry m a t t e r . The P content , e x p r e s s e d on 
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TABLE 29 
PHOSPHATE FIXATION IN SOIL OF FERTILISER EXPERIMENT 
AT YALIGIMBA 
°Sub, 
ampL 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
, Ex t r ac t ion 
e 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
H 2 0 
1% c i t r i c 
ac id 
Aeq. appl . 
of Rock 
Phosph . in 
T o n s / H a 
80 Kg 
4 Tons 
8 Tons 
40 Tons 
80 Tons 
400 Tons 
y P ad-
ded t o 
10 g r . 
so i l . 
0 
0 
100 
100 
500 
500 
1000 
1000 
5000 
5000 
10000 
10000 
50000 
50000 
YP 
found 
p e r 10 
g r . s o i l . 
0 
0 
0 
10 
170 
300 
6 50 
800 
3760 
4400 
8200 
9860 
45400 
46400 
yP fixr 
ed p e r 
10 g r . 
s o i l . 
0 
0 
100 
90 
330 
200 
350 
200 
1240 
600 
1800 
1040 
4600 
3600 
% F i x a 
t ion 
100 
90 
66 
40 
35 
20 
25 
12 
18 
10 
9 
7 
% fixation 
90 
84 
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Figure 21. Phosphate fixation 
ash , i s s ignif icant ly h ighe r in t he p a l m s , which r e c e i v e d a p p l i -
ca t ions of r o c k phospha te , at P = 0. 05. 
T h e r e w e r e no o the r s ignif icant c h a n g e s in l ea fcompos i t ion . 
No changes in the compos i t ion of the 9th leaf w e r e no t i ced ( see 
t ab le 28). 
P o s i t i v e p roduc t ion r e s p o n s e s s ix m o n t h s a f te r t he heavy P 
appl ica t ions had been made," w e r e s ignif icant for P and nega t ive 
for K, a s shown in t ab le 30. 
T A B L E 30 
PRODUCTION RESPONSES OF 1 0 - Y E A R - O L D P A L M S TO HEAVY 
APPLICATIONS OF ROCK PHOSPHATE 
T r e a t m e n t s To ta l weight of bunches a s 
a % of a v e r a g e of p lo t s 
K + P 101 
P 110 
K 98 
con t ro l 90 
s ign . diff. 
at P = 0 . 0 5 6 
The above r e s u l t s indica te a p roduc t ion i n c r e a s e of 23% a s 
c o m p a r e d with the t r e a t m e n t s without K and P , s i x months a f t e r 
the f i r s t heavy appl ica t ion had been m a d e , t o g e t h e r with a s i g -
nificant i n c r e a s e in the leaf P content . 
In t h i s c a s e , leaf ana lys i s was able to d iagnose P deficiency, 
but it was n e c e s s a r y t o c a r r y out addi t ional so i l a n a l y s i s t o e x -
p la in the lack of r e s p o n s e to the low phospha te appl ica t ion. 
( i i i ) T h e R e p l a n t i n g of O i l P a l m s 
In a p lanta t ion in the Kasa i r eg ion of the Belgian Congo, an 
expe r imen t was la id down with a view to finding out the " o p t i m a l " 
condi t ions for the rep lan t ing of old oi l p a l m p lan ta t ions . The 
des ign of the expe r imen t was a 4 x 4 La t in s q u a r e , c o m p r i s i n g 
the following t r e a t m e n t s : 
a ) The old s t and of oil p a l m s was fel led before the young p a l m s 
w e r e p lanted but no f e r t i l i s e r s w e r e given; 
b) The young p a l m s r e c e i v e d a comple t e f e r t i l i s e r appl ica t ion 
and w e r e planted under the shade of t he old s t and of p a l m s ; 
ab) The old s tand was fel led and the young p a l m s r e c e i v e d 
f e r t i l i s e r s ; 
i) Control ; the young p a l m s w e r e p l an ted unde r the shade of 
the old p a l m s without f e r t i l i s e r s . 
Leaf s a m p l e s w e r e taken f rom the 1st leaf only, f rom the 3 y e a r -
old p a l m s . 
Tab le 31 shows the ana lys i s of v a r i a n c e of the compos i t ion of 
the 1st l e a v e s and the growth m e a s u r e m e n t s , m a d e at the s a m e 
t i m e a s the sampl ing; i n c r e a s e in n u m b e r of l e a v e s and length 
of the l e a v e s w e r e t aken as growth c r i t e r i a . 
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TABLE 31 
GROWTH RESPONSE AND LEAF ANALYSIS RESULTS REPLAN-
TING EXPERIMENT 
TVJQT*G3.SG i l l 
Treatments % K % P % Ca % Mg
 n u m b e r in 
leaves 
Felling (a) 28,4 4,35 9,05 3,5 8,22 
Fert i l is ing (b) 24,7 4,07 8,02 4,95 6,60 
Fel l ing+Fert i l i s ing (ab) 28, 6 3,2 6,45 3,8 11,11 
Control (i) . 13,4 6,8 13,9 4,2 4,26 
Sign, cliff, at P=0,05 4,4 0,7 1,9 0,4 0,38 
Main effects 
A. Felling 9, 4 + + - l , 6++ -3,2 - 0 , 8 + + 4,24 
B. Fert i l is ing 5, 7 + + - l , 9 + + -4 ,3 0,5+ 2,62 
Sign. Main eff. P=0,05 3, 1 0, 5 1, 5 0, 3 0,27 
Interaction A x B - 1 1 , 3 + + 1, 5+ 3,3+ -0 ,45 0,55 
Sign, in terac .a t P=0,05 6,3 1,0 2,7 0,6 0,54 
General mean 23, 7 4,6 9,4 4, 1 
E r ro r 2, 4 0,4 1,1 0,23 
E r r o r / % mean 10 8,7 11 5,6 
The figures 22 and 23 il lustrate the effect of the treatments on 
leaf composition. 
It may be seen that: 
1) The chemical composition of the palms of the i) treatment (grown 
under the shade of the old palms, without any applications of 
fer t i l i sers) , is typical of K deficient palms. The K content is 
very low, whereas the Ca and P contents are much higherthan 
"optimal". The growth of the young palms was very poor and 
compared unfavourably with that in the other t rea tments . 
2) In treatment b) (when the palms a re ferti l ised but a re sti l l 
growing under the old palms), the K deficiency disappears, as 
is shown by the significant increase in leaf K content and the 
significant decrease in leaf Ca and P . 
3) When the old stand on the a) plots was felled, the leaf K content 
increased, leaf Ca and P contents decreased, (as in the case of 
the b treatment), but leaf Mg content appeared to decrease to a 
very low level, significantly lower than in all the other t r ea t -
ments . Although the ear ly growth of the palms was very good, a 
serious chlorosis developed, some time after the felling of the old 
stand, the older leaves turning yellow to orange, entirely compa-
rable with the Mg deficiency symptoms, obtained in the sand 
culture t r ia l s . The conclusion was drawn that the felling of the 
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Figure 22. Changes in leaf-
composition of le leaf as a % 
of ash and growth responses 
of replanting experiment 
For P and Mg, the Ca scale 
has to be divided by 2 
\ < 
V 
fertilising felling 
felling + 
fertil ising 
^ 5 6 7 8 9 10 11 12 
Number of l eaves 
old palms induced a Mg deficiency as a result of the considerable 
quantities of K which are liberated by the decomposition of the 
felled palms. 
This phenomenon has also been noticed on other replanted areas 
in the Northern and Southern Congo and could be explained in the 
same way. The chemical composition of the leaves shows rela-
tively highK andCa contents and a low Mg content. Mg, expressed 
as a % of the sum of K + Ca + Mg amounts to only 8-9% whereas 
10-11 is normally found for the "optimal" composition. 
4) Felling and fertilising (treatment ab), gave the best results of 
all the t reatments . The higher Mg and lower Ca contents in palms 
of these plots, explain the almost complete absence of chlorosis. 
The general conclusion may be drawn that, when replanting an 
old oil palm plantation, the felling of the old stand and subsequent 
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release of large quantities of K from the decomposing material , 
may induce Mg deficiency, even if the soil be deficient in K. 
This induced Mg deficiency is only of a temporary nature, as 
the K is not fixed in Congo soils and heavy losses of K occur, due 
to leaching. As soon as a more favourable balance between K and 
Mg in the soil has been reached, the Mg deficiency symptoms 
disappear and the young palms resume normal growth. This ef-
fect is comparable with the appearance of Mg deficiency in crops, 
growing in temperate regions, where, during wet periods, Mg 
deficiency symptoms frequently appear, being induced by the 
excess of K in the soil, resulting from previous heavy Potassium 
applications (SCHUFFELEN 1940, 1954). 
The present case demonstrated again the value of the method of 
foliar analysis in the interpretation of the results of field expe -
r iments . 
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VIII. T H E A P P L I C A T I O N O F F O L I A R A N A L Y S I S IN 
P R A C T I C E 
A few samples may be given to show the way in which foliar 
analysis may be applied in practice as a basis for advice on fer-
t i l i ser policy. 
(i) A P l a n t a t i o n i n t h e K a s a i R e g i o n 
In a plantation in the Kasai region, it was noticed that big dif-
ferences in production existed between the r iverine and non r ive r -
ine blocks. To obtain information on the possible causes for these 
considerable differences in production, a se r ies of blocks, all 
planted in the same years (1938-1939) were selected, the p r o -
duction figures for which were known over a period of 4 years . 
From those blocks, each of 20 Ha, leaf samples were taken, 
bulked and analysed. All the blocks were situated in a line, running 
from the r iver across the plantation. The average production in 
tons of bunches per Haper year varied from 6-7 tons in the r ive r -
ine blocks to 3 tons in the noh-riverine area . 
Table 32 shows the production and foliar analysis data for the 
selected blocks. Production as a function of leaf composition is 
shown in figure 24. 
TABLE 32 
FERTILITY GRADIENT IN PLANTATION IN SOUTHERN CONGO 
(Planting 1938 and 1939) 9th leaf 
Block Average yield in 
tons bunch/Ha/year 
(4 years) % K % Ca % Mg % P K/Ca K/P 
1 5,5 19,5 10,6 4,72 1,88 1,84 10,4 
2 6, 5 
3 5,7 
4 4,7 
5 4,0 
6 3,7 
7 4, 1 
8 3, 2 
9 3,9 
From the resul ts , it may be concluded that this is a typical 
case of K deficiency, as shown by the low leaf K contents of the 
low producing blocks and their relatively high Ca and P contents. 
The positive correlation between the production andleaf K content, 
the positive correlation between K/P and K/Ca ratios and p ro -
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21, 2 
16, 7 
16,0 
14,0 
16, 3 
15, 2 
14,8 
14, 5 
10, 2 
9,86 
11, 2 
11,3 
11, 1 
10,2 
11,0 
11,6 
4,50 
3,01 
3,58 
3, 40 
4,06 
3,45 
3,84 
4,11 
1,90 
1,75 
2,05 
1,90 
2, 15 
1,94 
2, 15 
2, 18 
1,07 
1,69 
1,43 
1,24 
1,47 
1,90 
1,34 
1,25 
11,1 
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7 ,8 
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Figure 24. Correlations between 
elements in leaf 9 and production 
in tons of bunches/Ha/year 
duction and, on the other hand the negative correlation between 
production and leaf Ca and P contents confirm our previous find-
ings in respect of growth responses to K dressings on a reas , 
deficient in K. 
The conclusion may be drawn that differences in production are 
caused by differences in the degree of K deficiency of the r iverine 
and non-riverine a reas , and, as a consequence, applications of 
K fert i l isers may be recommended. 
As the variations in K deficiencies of the palms were thought 
to result from differences in the K status of the soils , represent -
ative soil samples were taken from all the blocks. They were ex-
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t r a c t e d for one hour with boi l ing c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
and the K content of the e x t r a c t d e t e r m i n e d . P r e v i o u s e x p e r i e n c e 
with so i l ana ly s i s in our l a b o r a t o r y had shown tha t the r e a d i l y 
ava i lab le nu t r i en t s a r e a lmos t i nde t ec t ab l e in the highly d e g r a d e d 
so i l s of the Southern Congo and tha t the only p o s s i b l e way of e s t a -
b l i sh ing d i f ferences in the c h e m i c a l c h a r a c t e r i s t i c s of t h e s e s o i l s 
e x i s t s in the de t e rmina t ion of t h e i r t o t a l m i n e r a l r e s e r v e s . 
The r e s u l t s of the so i l a n a l y s e s a r e shown in t a b l e 33 and f i -
gu re 25. 
T A B L E 33 
T O T A L K CONTENT OF SOIL IN PPM(HC1 EXTRACT) AND 
PRODUCTION P E R BLOCK OF THE F E R T I L I T Y GRADIENT 
Lock 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
P r o d u c t i o n 
8,0 
5., 5 
6, 5 
5,7 
4 , 7 
4 ,0 
3 ,7 
4 , 1 
3 ,2 
3,9 
ppm K 
125 
72 
84 
70 
42 
36 
44 
30 
30 
30 
It m a y be seen tha t t h e r e i s a v e r y c lo se pos i t ive c o r r e l a t i o n 
be tween the K content of the so i l and the p roduc t ion of the p a l m s . 
As th i s s e e m s to be l i n e a r , the r e g r e s s i o n coefficient and i t s s i g -
nif icance have been ca lcu la ted . The r e g r e s s i o n function, giving 
the product ion as a function of the d e t e r m i n e d quanti ty of K in the 
so i l , i s r e p r e s e n t e d by: 
X = 4. 93 + 0. 04628 (Y - 56. 3) in which 
X = the a v e r a g e p roduc t ion expec ted when the ppm K in the so i l i s 
t aken at a c e r t a i n leve l Y. 
The r e g r e s s i o n coefficient of 0 .04628 has a s t a n d a r d devia t ion 
of + 0. 0126 and is highly significant at P = 0. 0 1 . 
F o r Y = 100 ppm K, the c o r r e s p o n d i n g ave rage p roduc t ion 
would be 7 tons of bunches p e r Ha p e r y e a r . It i s obvious that 
the fo rmula only holds for th i s p a r t i c u l a r ca se and not for o the r 
p lan ta t ions . 
He re again, conf i rma to ry evidence was obtained on the s i g -
nif icance of a diagnosis on the b a s i s of fo l ia r a n a l y s i s . 
(ii) F o l i a r A n a l y s i s of a R e p l a n t e d A r e a 
(near Coquilhatvi l le) 
In an a r e a , r ecen t ly rep lan ted , the young p a l m s suffered badly 
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X 7 
-ttr TTr i i a . -—nfo r?5 fto ppm K in Topsoil of 20 cm depth 
Figure 25. Production as a function of the Potassium content of 
the Topsoil (plantation in Kasai region) 
from an attack of Cercospora and the older leaves showed many 
yellow and scorched leaflets. To find out whether this condition 
was associated with a mineral deficiency, 12 representative bulk 
leaf samples, each comprising 20 palms, were taken. The resul ts 
of the foliar analyses of these samples are given in table 34. 
The majority of the samples had the following composition: 
a) The K content is low, below the "optimum"; 
b) P is normal to high; 
c) Ca and Mg are normal to high. 
This composition suggests that K is a limiting factor in this 
area, although the deficiency does not seem to be advanced. In 
this case an application of K, either as sulphate or muriate or of 
bunchash, would seem ot be justified. 
The quantity to be applied cannot be determined by the leaf 
analytical data at this stage. After an application of 1 kg has been 
made, the effect should be followed up by means of foliar analysis 
to determine whether this has resulted in a change towards the 
"optimal" composition. 
(iii) F o l i a r A n a l y s i s 
h a t v i l l e A r e a 
of N u r s e r i e s i n t h e C o q u i l -
In the same area, the nurseries showed marked signs of Mg 
deficiency. The foliar analysis data of a few representative bulk 
samples confirmed the existence of a Mg deficiency Table 35 
shows: 
a) K is very high; 
b) P is normal to high; 
c) Ca is low 
d) Mg is very low; 
e) the ash content as a % of dry matter is high 
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T A B L E 34 
FOLIAR ANALYSIS REPLANTING 
No Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
P o t a s s i u m 
% d r . m . 
1 ,58 
1,87 
, 1, 54 
1 ,58 
2 , 0 7 
1 ,73 
1 ,87 
1 ,78 
1 ,29 
1,76 
1,67 
2 , 0 0 
% ash 
2 3 , 3 
2 1 , 9 
2 2 , 5 
2 0 , 1 
2 4 , 0 
2 2 , 5 
24, 6 
2 2 , 6 
19 ,1 
2 1 , 9 
19 ,2 
2 4 , 6 
Phosphorus 
% d r . m . 
0 , 2 1 4 
0, 243 
0 , 2 6 0 
0 , 2 6 0 
0 , 2 7 0 
0 , 2 8 4 
0, 278 
0 , 2 5 1 
0 , 2 5 6 
0, 288 
0 , 2 9 3 
0, 286 
% a s h 
3, 15 
2 , 8 5 
3 , 7 9 
3, 29 
3, 13 
3 ,70 
3 ,66 
3, 19 
3 ,81 
3 ,59 
3 , 3 7 
3, 51 
Calc 
% dr .m. 
0, 740 
1, 137 
1, 100 
0 , 8 7 4 
0 , 6 1 4 
0 , 7 4 0 
0, 577 
1,086 
0 , 7 1 4 
0 , 7 9 7 
1 ,028 
0 , 6 2 8 
ium 
% a s h 
1 0 , 8 8 
13, 33 
1 6 , 0 4 
11 ,07 
7 , 1 2 
9 , 6 3 
7, 59 
1 3 , 7 6 
1 0 , 6 4 
9 , 9 3 
1 1 , 8 2 
7, 73 
Magnes ium 
% d r . m . 
0 , 3 9 4 
0 , 4 5 1 
0 , 3 0 3 
0 , 2 5 1 
0 , 4 5 7 
0 , 3 8 3 
0 , 2 3 4 
0 , 2 9 7 
0 , 2 7 4 
0 , 2 5 7 
0 , 3 6 0 
0 , 366 
% a s h 
5 , 8 0 
5 , 2 9 
4 , 4 2 
3 , 1 8 
5 , 3 0 
4 , 9 8 
3 , 0 8 
3 , 7 7 
4, 08 
3 , 2 0 
4 , 14 
4 , 50 
A s h as a % of 
dry m a t t e r 
6 , 8 0 
8, 53 
6 , 8 6 
7 , 9 0 
, 8 , 6 3 
7 , 6 8 
7, 60 
7 , 8 8 
6 , 7 1 
8, 30 
8, 70 
8, 13 
T A B L E 35 
FOLIAR ANALYSIS :NURSERY (Bunch re fuse applied) 
No Sample P o t a s s i u m Phosphorus Calc ium Magnes ium 
% d r . m . % ash % dr .m. % ash % dr .m. % ash % d r . m . % ash 
1 3 , 4 7 3 7 , 5 0 , 3 0 7 3 , 3 2 0 , 4 6 6 5 ,03 0 , 1 3 4 1 , 4 5 
2 3 , 4 4 3 8 , 3 0 , 2 5 3 2 , 8 1 0 , 4 9 7 5 ,53 0 , 1 5 4 1 ,72 
3 2 , 2 4 2 4 , 1 0 , 3 1 0 3 , 3 3 0 , 8 0 3 8 , 6 3 0 , 1 6 8 1 ,81 
4 3 , 3 1 3 5 , 0 0 , 2 6 3 2 ,77 0 , 3 8 6 4 , 0 7 0 , 1 4 6 1 ,54 
T A B L E 36 
FOLIAR ANALYSIS NURSERY (No bunch re fuse applied) 
No Sample P o t a s s i u m Phosphorus Calcium Magnesium 
% d r . m . % ash % dr .m. % ash % dr .m. % a sh % d r . m . % ash 
1 1 , 9 0 2 6 , 3 0 , 3 3 8 4 , 5 6 0 , 7 3 1 9 , 8 5 0 , 2 6 3 3 , 5 4 
2 2 , 6 4 30 ,7 0 ,227 2 , 6 4 0 , 5 7 7 6 , 7 1 0 , 3 4 8 4 , 0 5 
A s h a s a % of 
of mat ter 
9 , 2 6 
8 , 9 8 
9, 30 
9, 47 
Ash a s a % of 
dry matter 
7,43 
8,60 
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Although Mg deficiency is often associated with a high leaf Ga 
content, it is evident that, in this case, the K content has become 
so high that the Ca content decreased, due to the antagonism be-
tween K and Ca. 
The cause of the high leaf K content may be explained by the 
fact that the nursery had received a very heavy mulch of bunch 
refuse with a high K content, which on decomposition liberated 
sufficient K, to induce Mg deficiency. This explanation was con-
firmed by the foliar analysis data for a part of the nursery, which 
had not been mulched with bunch refuse. Table 36 shows that this 
had a leaf composition which was almost "optimal". No deficiency 
symptoms were apparent in this latter area . 
( i v ) F o l i a r A n a l y s i s of a Y o u n g P l a n t a t i o n i n t h e 
N o r t h e r n C o n g o B a s i n ( Y a l i g i m b a ) 
In one of the plantation extensions, the palms had a very good 
start . However, six months after planting, growth ceased almost 
completely and the palms suffered from an attack of Cercospora. 
Some representative leaf samples were taken with a view to 
finding out whether this attack was associated with a mineral de-
ficiency of the soil. • 
Table 37 gives the chemical composition of 10 representative 
bulk leaf samples (20 palms per bulk sample). The leaves have a 
chemical composition showing: 
a) a high K content, far above the "optimum"; 
b) a normal Ca content; 
c) a low to normal Mg content; 
d) a very low P content, much below the "optimum". 
TABLE 37 
FOLIAR ANALYSIS OF YOUNG PLANTATION YALIGIMBA 
No Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
PotaSi 
% dr .m. 
2,28 
2,07 
2,03 
2, 23 
1,74 
2,30 
2, 21 
2,07 
2, 56 
2, 17 
sium 
% ash 
27,8 
24,2 
26,8 
24,7 
23, 5 
26,9 
26,3 
23,8 
28,4 
26,2 
Phosphorus 
% dr .m. 
0, 190 
0, 176 
0, 181 
0, 196 
0, 171 
0, 161 
0, 183 
0, 180 
0, 196 
0, 196 
% ash 
2,31 
2,05 
2,40 
2, 17 
2,31 
1,89 
2, 17 
2,07 
2, 18 
2, 36 
Calcium 
% dr .m. 
0,683 
0,688 
0,848 
0,771 
0,737 
0,771 
0,797 
0,786 
0,831 
0,857 
% ash 
8,30 
8,03 
11,23 
8, 56 
9,94 
9,03 
9,46 
9,05 
9,25 
10,33 
Magnei 
% dr .m. 
0,268 
0,263 
0,217 
0,297 
0, 228 
0,211 
0,246 
0,240 
0,200 
0,177 
sium 
% ash 
3,26 
3,07 
2,87 
3,30 
3,08 
2,47 
2,91 
2,76 
2, 22 
2,13 
A s h as a % of 
dry matter 
8,23 
8, 57 
7, 56 
9,01 
7,41 
8,54 
8,43 
8,68 
8,98 
8,30 
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T h i s i s c h a r a c t e r i s t i c for P deficiency. Appl ica t ions of at l e a s t 
2 kg rock phosphate m a y be r e c o m m e n d e d , a s the s o i l a p p e a r s t o 
have a high P fixation capac i ty . 
E a r l i e r expe r i ence with app l ica t ions of r o c k phospha te on young 
p a l m s , growing on P fixation s o i l s had shown tha t even h i g h e r a p -
p l i ca t ions of P s t i l l r e s u l t e d in s ignif icant g rowth r e s p o n s e s . In 
t h i s c a s e , so i l ana ly s i s and field e x p e r i m e n t s t o g e t h e r supp l i ed 
in format ion for the d e t e r m i n a t i o n of the quant i ty of r o c k phospha t e 
to be given. 
(v) F o l i a r A n a l y s i s of a P l a n t a t i o n i n t h e C e n t r a l 
C o n g o B a s i n ( Y a l i g i m b a ) 
A m o r e compl i ca t ed example wil l be g iven for a l a r g e p l a n t a -
t ion, s i tua ted in the Nor the rn P a r t of the C e n t r a l Congo Bas in . 
The p lan ta t ion c o v e r s an a r e a of about 8000 Has and c o n s i s t s 
of b locks of one s q u a r e km (see m a p s ) . The p lan ta t ion c o m p r i s e s 
an a r e a of light sandy yellow so i l and of a h e a v i e r r e d d i s h sandy 
c lay . The p roduc t ion has been r e c o r d e d a s f rom the e s t a b l i s h m e n t 
of the p lan ta t ion in 1939. 
Th i s p lan ta t ion was s ampled at the end of the r a i n y s e a s o n (No-
v e m b e r and D e c e m b e r ) 1953. Bulk s a m p l e s of the 1st l e a v e s w e r e 
t aken f rom 20 p a l m s (4 rows of 5 p a l m s ) a long a t r a c e work of 
500 x 500 m, a to ta l of 297, r e p r e s e n t i n g 5940 p a l m s . 
Deal ing with such a l a r g e a r e a , it i s pos s ib l e t ha t m o r e t h a n 
one deficiency may o c c u r . Due to v a r i a t i o n s in so i l f e r t i l i t y c o n -
di t ions , s o m e of the s a m p l e s m a y show a p ronounced def ic iency 
of a p a r t i c u l a r e lement , o the r s a c h a r a c t e r i s t i c compos i t ion for 
ano the r deficiency, w h e r e a s ano the r s e r i e s m a y shown an " o p -
t i m a l " compos i t ion . 
In the c a s e of two o r m o r e m a j o r e l e m e n t s be ing deficient at 
the s a m e t i m e in one s a m p l e , it m a y p rove difficult t o d r a w d i r e c t 
conc lus ions . When deal ing with a l a rge n u m b e r of s a m p l e s , how-
e v e r , the m a j o r def ic iencies m a y be de t e rmined , even if m o r e 
than one o c c u r s , making use of the v a r i a t i o n in so i l f e r t i l i ty 
condi t ions and i t s influence on leaf compos i t ion . When the deficient 
e l e m e n t s a r e known, t h e i r ac tua l p e r c e n t a g e s , a s found in t h e 
s a m p l e s m a y s e r v e a s a guide for the deficiency to indica te t he 
m a i n deficient a r e a s in the p lanta t ion. 
The i n t e r p r e t a t i o n of the ana ly t ica l data c o m p r i s e s t h r e e s t a g e s : 
1) A c lass i f i ca t ion of the s a m p l e s acco rd ing to pos s ib l e d e -
f ic ienc ies ; 
2) Mapping on the data to indica te the a r e a s deficient in one o r 
m o r e e lement (s ) ; 
3) The evaluat ion of a pos s ib l e r e l a t i onsh ip be tween def ic ien-
c i e s and ac tua l product ion of the p a l m s . 
1) Class i f i ca t ion of Samples acco rd ing to Def ic ienc ies . 
In t ab le 38 a l l the s a m p l e s have been c l a s s i f i ed , acco rd ing to 
t he concen t r a t ions of the va r ious components in r e l a t i o n to the 
op t imal compos i t ion . 
In the f i r s t co lumn a l l the poss ib le combina t ions of high o r 
low K, P , Ca or Mg a r e given. A concen t ra t ion below the " o p -
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TABLE 38 
CLASSIFICATION OF SAMPLES IN RELATION TO OPTIMAL 
LEAF COMPOSITION - YALIGIMBA PLANTATION 
Deviations from optimal Number of samples Possible 
composition per class deficiency 
K P Ca Mg 
+ + + •+ 44 
+ + + • " - ' • 17 Mg 
+ + - + 34 Ca 
+ + - - • 7 Mg 
+ - + + 42 P 
+ - + - 11 P , Mg 
+ - - + 24 P , Ca 
+ - - ' - 17 P 
+ + + 17 K 
- + + - 6 K 
.. - + - + 2 
+ 4 
- • - + • + 25 K, P 
+ 9 K, P, Mg 
• - . . - - .
 +
 18 
7 
t imal" value is indicated by a minus sign (-) and "optimal" or 
higher than "optimal" by a plus sign (+). 
According to table 38, 128 out of 284 samples show P to be the 
limiting factor, whereas 57 samples indicate K, 58 Ca and 33 Mg 
deficiency. When the actual figures are considered, however, it 
appears that: 
a) Nearly all the P figures, classified as low, (P < 0, 22) are 
less than 0. 20%; 
b) The majority of the K figures classified as low, (< 1. 7%) 
are lower than 1. 6%; 
c) The Ca content of nearly all the samples appears to be within 
the limits op the optimum values of 0. 5-0. 6%; 
d) 15 samples have Mg content which is very low, (< 0. 25%). 
e) The low P and Ca figures suggest that N is not deficient in 
this area . 
This suggests that P deficiency is important in this plantation, 
whereas K and Mg deficiency are of less importance, and Ca de-
ficiency does not seem to exist. 
The low Ca contents, which are generally very close to the 
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"optimum" value of 0. 6%, are character is t ic fcr the occurrence 
of P deficiency. 
2) Location of Areas of Deficiencies. 
On the maps, the areas for K, P and Mg deficiencies have been 
delimited. The area most deficient in P (P < 0. 20%), is mainly-
found in a band, which ranges from blocks 0 and 1 to blocks 53 
and 63. 
K deficiency is generally found in a part of the a rea also defi-
cient in P, with the exception of the blocks 29, 30 and 31, which 
are deficient in K only. 
Low Mg content is most frequently found in the blocks 6, 7, 16, 
17 and 27. In this part of the plantation, yellow and orange colour-
ation of the older leaves were frequently noted especially during 
the dry season. 
3) Deficiencies and Actual Production of the Palms. 
To determine whether a relationship exists between the a reas 
deficient in K, P or Mg and production, the average production 
in tons of bunches per Ha, for the year 1953 has been subdivided 
into following classes (table 39): 
TABLE 39 
PRODUCTION AS A FUNCTION OF LEAF COMPOSITION 
K,-P, Mg 
o p t i m u m 
Hlock 
N° 
5 
15 
48 
49 
50 
60 
61 
64 
69 
70 
73 
74 
A v e r a g e 
P r o d u c t 
- i on 
10, 5 
9 ,6 
9 , 7 
9, 5 
9 , 3 
1 0 , 2 
9, 3 
10, 9, 
7 , 3 
11 ,0 
9 , 7 
8, 1 
9, 6 T< 
K def ic ient 
Block 
N° 
29 
30 
31 
A v e r a g e 
j n s 
P def ic ien t 
P r o d u c t Block 
- ion N° 
7 , 4 
6 , 2 
7 , 4 
0 
1 
2 
7 , 0 T o n s 3 
4 
14 
25 
26 
28 
63 
A v e r a g e 
P r o d u c t 
- i o n 
7 ,0 
8 , 5 
9 , 4 
9 , 3 
8 ,7 
8 , 8 
8 , 0 
7 , 2 
7 , 4 
9 , 3 
K and P 
def ic ien t 
Block 
N° 
13 
18 
36 
39 
40 
41 
46 
51 
62 
37 
8, 4 T o n s 47 
A 
52 
v e r a g e 
Mg def ic ien t 
P r o d u c t B lock 
- ion N ° 
6 , 9 
8 ,2 
7 ,9 
8,. 8 
7 , 7 
6 , 8 
8 ,0 
8 , 8 
9 , 2 
7 . 1 
7 , 7 
9 , 0 
6 
7 
16 
17 
27 
A v e r a g e 
8, 0 T o n s 
P r o d u c t 
- i o n 
9 , 0 
10 ,0 
9 , 7 
9, 1 
9 , 0 
9, 3 T o n s 
Blocks only deficient for a small part , have not been included. 
To check the significance of the production differences between 
the 5 classes , the Standard Deviations of the mean production of 
the classes have been calculated, as well as the Standard Devia-
tions of the production differences between the classes (table 40). 
A certain fraction of the standard deviations will be due to varia-
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t ions, introduced by the deficiencies, but a part of the variations 
in production may be explained by differences in year of planting, 
spacing, origin of seed and e r r o r s in the determination of block 
yields. 
From the tables 39 and 40 the following conclusions may be 
drawn: 
a) The a reas deficient in P, produce 1. 2 tons of bunches per 
Ha/year less than the blocks not deficient for K, P or Mg; 
b) The blocks 29, 30 and 31 are deficient for K and produce 2. 6 
tons of bunches/Ha/year less than the blocks not deficient for 
K, P or Mg; 
c) Mg deficiency has no significant effect on the production, as 
compared with the highest yielding blocks. 
d) The blocks both deficient for K and P, produce 1. 6 tons /Ha/ 
year less than the blocks not deficient, for K, P or Mg. 
As the production differences between the areas having a low 
P, a low K + P or high K + P content, suggest the importance of 
P as the! limiting factor for the production, the average leaf P 
content in each of the three categories of a reas was determined 
and the corresponding standard deviations calculated (tables 41 
and 42). ' -
F rom these it is evident that the significant differences in p ro -
duction of the areas delimitedby means of foliar analysis c o r r e s -
pond with significant differences in leaf P contents. 
When the production of all the blocks, planted in the years 1939 
-1942 (with the exception of blocks 6, 7, 16, 17 and 27, Mg de-
ficient, and the blocks only for a small part deficient in K or P) 
is plotted against leaf P, content, figure 26 is obtained, from 
which it is clear that leaf P content at its lowest value of + 0. 18% 
corresponds to a production of + 8. 5 tons bunches/Ha/year . 
E 
a. 
:»'*. 
6 7 8 9 10 11 
Production in Tons of bunches pe r Ha pe r y e a r 
• K content of l e leaves > 1. 7% 
o K content of l e leaves < 1 . 7 % 
Figure 26. Relationships between the production and the P content 
of the first leaves of the Yaligimba plantation 
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TABLE 41 
P CONTENT OF FIRST LEAVES AND PRODUCTION OF VARIUNS 
AREAS IN THE YALIGIMBA PLANTATION 
Leaf Composition 
K + P . low 
P . low 
K + P . normal 
Average P content 
1° Leaf 
0, 193%+0,055 
0, 206% + 0 , 0 3 3 
0 ,231%+0,042 
Average Production in 
Tons/Bunches/Ha (1953) 
8, 0 Tons + 0, 23 
8, 4 Tons + 0, 28 
9, 6 Tons + 0, 31 
TABLE 42 
SIGNIFICANCE OF DIFFERENCES IN PRODUCTION AND P CON-
TENT OF LEAVES OF VARIOUS AREAS IN THE YALIGIMBA 
PLANTATION 
Difference Difference in Difference Degrees Standardde-
between Production in P content of F r e e - viation of dif-
Classes - dom f e r e n c e i h P . 
content 
K + P. high - L 2 Tons7*-1" 0, 025%++ 
P. low 
K + P. normal -
K + P. low 1,6 Tons + + 
P. low - K + P . 
low 0,4 Tons 0,013% 
0, 038% ++ 
20 
22 
20 
0 ,0054% 
0 ,0069% 
0, 0082% 
+ Significant at P = 0 , 0 5 
++ Significant at P = 0, 01 
The left hand part of the curve represents the P content of the 
leaves from blocks, deficient in both K and P (K < 1. 7%). P r o -
duction is negatively correlated with leaf P . In the right hand 
part of' the curve, are found the data for the areas , deficient in 
P only, and the areas of optimal leaf composition. In this part 
of the curve, the production is positively correlated with the P 
content of the leaves. 
In the extreme case of K deficiency (blocks 29, '30 and 31), 
leaf P content is of the order of 0. 23%, thus above the optimum 
value. As soon as leaf P falls, the influence of K deficiency on the 
production becomes less pronounced, until the P content reaches 
the minimum of 0. 16-0. 18%. At the present t ime only P is de-
ficient and is positively correlated with production for the range 
8. 5-11 tons of bunches/Ha/year. 
Conclusions: 
P, and to a lesser extent, K, are limiting factors in the p ro -
duction of this plantation. 
a) The blocks 29, 30 and 31 with an average production of 7 tons 
of bunches/Ha/year, are deficient in K. An application of in-
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cinerator ash to this a rea would seem to be justified. The effect 
of the applications should be followed up by means of foliar ana-
lysis, to enable the optimal quantity of K to be applied. 
b) In blocks 40 and 41;,/both K and; P deficiency are limiting the 
production (7. 7 and 6, 8 tons of bunches/Ha/year) , but positive 
production responses to applications of K are likely on account of 
the low K/P rat io, which suggests that K is the p r imary limiting 
factor in this case . 
c) In the area, delimited as deficient in both K and P , (with the 
exception of the blocks 40 and 41), K applications are not r e -
commended, unless P is also applied. Applications of K alone 
will increase the relative P deficiency and might induce a decrease 
in production. 
d) In the blocks, indicated as deficient in P, applications of P 
are recommended. 
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DC. D I S C U S S I O N A N D C O N C L U S I O N S 
Cons ide r ing the data p r e s e n t e d in the p r e v i o u s s e c t i o n s , the 
ques t ion m a y be asked : " Is it p o s s i b l e t o obta in f rom fo l ia r a n a -
l y s i s data a l l the n e c e s s a r y in format ion with r e g a r d t o : 
a) The d iagnos is of m i n e r a l def ic ienc ies in the field; 
b) advice on f e r t i l i s e r policy, without the a id of so i l a n a l y s i s 
and of field e x p e r i m e n t s " . 
a) As r e g a r d s the f i r s t point , it has been shown tha t , with t he 
a id of fo l ia r ana lys i s , it i s pos s ib l e to ind ica te m i n e r a l def i -
c i e n c i e s in oil pa lm p lan ta t ions , p rov ided due a t t en t ion i s g iven 
to the following c o n s i d e r a t i o n s : 
(i) T e c h n i q u e 
The s ampl ing technique mus t follow a s t a n d a r d p r o c e d u r e a s 
r e g a r d s the morpho log ica l pos i t ion of the l ea f l e t s s a m p l e d a n d t h e 
t i m e of the y e a r of sampl ing . Only leaf le t s t aken f rom l e a v e s of 
the s a m e phys io logica l age f rom the s a m e p a r t of the frond, m a y 
be c o m p a r e d . 
The indica t ions obtained to date sugges t that the younges t fully 
opened frond is mos t su i ted for rout ine s a m p l i n g and c o m p a r e s 
favourably with o lder l e a v e s . Th i s does not imply that o t h e r 
e l e m e n t s , not c o n s i d e r e d in t h e s e inves t iga t ions , would not show 
up b e t t e r in o lde r l e a v e s . This r e m a i n s a subject for fu r the r r e -
s e a r c h . 
The s ampl ing should be c a r r i e d out in the r a iny s e a s o n for t he 
following r e a s o n s : -__ 
1) The in t e r ac t i on be tween age of the p a l m s and c l i m a t i c c o n -
di t ions is v e r y pronounced in the d ry s ea son , e spec ia l ly when the 
leaf compos i t ion of p roduc t ive and v e r y . young, non-produc t ive 
p a l m s i s be ing c o m p a r e d . This r e a c t i o n to changes in c l ima t i c c o n -
di t ions is much qu icker and often m o r e in tense in the c a s e of young 
than of o lde r p a l m s . As only leaf ana lys i s data from s a m p l e s t aken 
at the s a m e t i m e of the y e a r may be c o m p a r e d , the r a iny s e a s o n 
which is much l e s s influenced by changes in c l ima t i c condit ions 
offers many advan tages . 
2) Some p lan ta t ions , s i tua ted c lose to the Equa to r ,do not have 
a r e a l d ry s e a s o n or a v e r y shor t one. 
T h u s , the poss ib i l i ty for a s t a n d a r d leaf s ampl ing would be 
g r e a t l y r e d u c e d if a d ry pe r iod would be t aken a s a s t a n d a r d 
sampl ing t i m e . 
As r e g a r d s the ana ly t ica l t echnique , r e a s o n a b l y a c c u r a t e m e -
thods should be s e l ec t ed for the d e t e r m i n a t i o n of the leaf c o n -
s t i t uen t s . The ana ly t ica l e r r o r should not exceed 10%. In t h i s 
r e s p e c t , the rap id " t i s s u e t e s t s " would not s e e m to be sufficiently 
a c c u r a t e . 
(ii) I n t e r p r e t a t i o n of L e a f A n a l y t i c a l D a t a 
The i n t e r p r e t a t i o n of fol iar ana lys i s da ta i s b a s e d on the e v i -
dence that t h e r e is a na r row range of " o p t i m a l " concen t r a t i ons 
for each of the e l emen t s in the leaf t i s s u e . P a l m s , with an a d e -
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quate supply of plant nutrients, whether the growing medium is a 
light sand, a heavy clay or a culture solution, shows this "optimal" 
leaf composition. It does not depend on soil type and is identical 
for young and old palms, provided a standard sampling technique 
is strictly adhered to. Any deviations from this "optimal" compo-
sition indicate unfavourable nutritional conditions. 
A deficiency in one element is generally associated with a 
decrease in the leaf content of that element. In an advanced stage 
of the deficiency, however, the content of the deficient element 
may increase again to a low to medium concentration. Moreover, 
any part icular deficiency also affects the concentration in the 
leaves of other elements, which a re not deficient in the nutrient 
medium. The elements not deficient may increase or decrease, 
depending on the character and the degree of the deficiency. 
These findings imply that: 
1) Diagnosis should not be based on the concentration of one ele-
ment in the leaf t issue. The fact that the leaves have a low con-
centration of a part icular element does not necessari ly imply that 
it is deficient, as it may be indirectly caused by another element 
deficiency. An element in medium concentration in the leaf, only 
slightly below the "optimum", may be extremely deficient due to 
the possible parabolic nature of the relation between yield and/or 
growth and leaf content of the element. 
2) The only satisfactory basis for the diagnosis of deficiencies 
is the recognition of the character is t ic changes in the contents of 
all the elements in the leaf t issue, when one part icular element 
is deficient. 
These character is t ic changes may, however, depend on the de-
gree of the deficiency; the contents of certain elements may in-
crease at first , as the induced effect of a deficiency, but decrease 
later , when the deficiency becomes more accentuated. 
Resulting from these considerations it will be evident that a 
reliable diagnosis of deficiencies in plantations may be made 
only after determining the contents of all the elements in the 
leaves. Thus in addition to determinations of K, P , Ca and Mg, 
analysis for N, S, Mn, B, Cu and Zn should alsobe included. More-
over, whenever possible, the contents of the elements in the leaves 
should be studied in relation to production and/or growth, to 
determine the degree of the deficiency. 
In that respect oil palm .plantations are very suitable for foliar 
analysis, as production figures are , generally, accurately known. 
Even if the production figures are not known, an estimate of the 
production may easily be made by counting the number of bunches 
and female inflorescenses on the 20 palms, from which the sam-
ples a re taken. Whenvthe composition of the bulk samples is being 
compared with the production figure for each sample, a yield 
curve may be drawn. 
A complication in the interpretation of leaf analysis is the fact 
that more than one deficiency frequently occurs in the same plan-
tation. In such cases the several deficient factors can still be de-
termined, as the considerable variations in soil nutritional con-
ditions will result in some of the samples showing a more p ro-
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nounced deficiency of element a, whereas others will indicate 
element b as being deficient. F rom a limited number of samples 
it may not be possible to draw any safe conclusions, but the i n -
formation, given by the other samples, enables the estimation of 
the most deficient elements in the plantations. Once the main de-
ficiencies are known, the actual % contents of the deficient e l e -
ments in the leaves may be used as a guide for the deficiency and 
be plotted on maps to delimite the a reas deficient and not deficient 
for that element, provided the degree of the deficiency is known 
from the yield curves. 
b) Advice on Fer t i l i ser Policy. 
For practical purposes, it will not be sufficient to indicate only 
those elements, limiting growth and/or production. 
Advice on how to remedy the state of affairs will necessar i ly have 
to be of a quantitative nature. The above resul ts have shown that 
the chemical composition of leaf samples does not give any infor-
mation on the reserve of nutrients in the soil. In each par t icular 
plantation, the optimal fert i l iser application will depend on the 
nature of the soil. In some areas , P deficiency will be remedied 
by a much smaller dose than in plantations, situated on a soil 
with a high P fixation capacity. K, applied on the light sandy soils 
in the Southern Congo, will quickly leach out to deeper horizons 
and become unavailable to the palm roots . On the other hand, 
losses by leaching will be materially less on some of the heavy 
clay soils in the Northern part of the Central Congo basin. It is 
thus evident that each part icular plantation will require indivi-
dual treatment to cure deficiencies of the same physiological 
nature. 
Several means of determining the "optimal" application of fer-
t i l i se r s may be cited: 
1) By means of foliar analysis only; i . e . applying fer t i l isers and 
following up changes in leaf composition to see whether these are 
directed towards the "optimum". 
It may be possible that as a result of a fer t i l iser application, 
the "optimum" for a part icular element may not have been reach-
ed. In that case it is obvious that the dose has to be increased. 
If on the other hand the application has been excessive, other 
deficiencies may be induced and the rate of application should be 
reduced, or the second deficient element included in the fert i l iser 
applications. 
2) By the applications of foliar analysis, combined with well 
designed ferti l iser experiments. Much time is saved and a great 
deal of usefull information obtained with regard to "optimal" levels 
of fert i l iser applications from experiments laid down in a reas 
characteris t ic for a definite deficiency, as indicated by means of 
foliar analysis. 
If the treatments comprise the application of fert i l iser(s) at 
different levels, the production responses may be compared with 
the corresponding changes in leaf composition, and the "optimal" 
level determined. Although, theoretically, foliar analysis should 
be able to follow up fertiliser applications and determine the 
"optimal" levels of application after a few years experience, 
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without the aid of fert i l iser experiments, it is our opinion that, 
in our present state of knowledge, field experiments are essential 
for the determination of the "optimal" level of fer t i l iser appli-
cations. 
3) It has already been pointed out that soil analysis, as opposed to 
foliar analysis does not supply the basic information, necessary 
for advice on fer t i l iser policy. ' 
This does not imply, however, that no soil analysis should be 
done in conjunction with foliar analysis. In fact in some abnormal 
cases , such as P fixation, soil analysis may prove extremely val-
uable to explain the lack of response to fer t i l i sers . 
(iii) C o n c 1 u s i o n s 
Foliar analysis constitutes a very valuable method as an aid in 
the determination of qualitative and quantitative fer t i l iser requi re-
ments of oil palm plantations, provided a standard sampling and 
analytical procedure is adopted. 
The interpretation of the leaf analytical data should be based on 
the character is t ic deviations from the "optimum" of all the ele-
ments in the leaves. 
Yield curves , giving production as a function of leaf composi-
tion, are essential as a means of determining the degree of a de-
ficiency. 
In no circumstances may reliable conclusions be drawn from 
the concentration of a single element in the leaf only. 
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X. S U M M A R Y 
In the previous sections a study was made of the applicability 
of Foliar Analysis as a means of determining the nutritional status 
of oilpalm plantations in the Belgian Congo. After a study of the 
l i terature and a comparison of the resul ts obtained by other wor-
kers , the main factors affecting the chemical composition of oil 
palm leaves were investigated. It was shown that: 
a) It is essential to compare leaflets from the same morphological 
position, as placement on the frond and age of the leaf have a 
marked influence on the chemical composition of the samples . 
b) The age of the palms has an influence on the chemical compo-
sition of the samples. The influence of changes in climatological 
conditions on the chemical composition is not identical for 
young and old palms. In general, this will fluctuate more in 
young than in older, productive palms. 
c) Sampling time has a significant effect on leaf composition and 
samples, taken in the dry season, a re not comparable with 
those, taken in the wet season. 
d) E r r o r s in the chemical analysis should not exceed 10%. Bulk 
samples of 20 to 25 palms should alwlays be taken, these having 
a sampling variation of the same order as the e r r o r s involved 
in the analytical procedure. 
Fur ther it was shown that the internal concentration is directly 
related to growth and production of the oil palms and that there is 
an "optimal" leaf composition. Irrespective of the soil charac-
te r i s t i c s , a palm adequately supplied with nutrients in the correct 
proportions, has a chemical composition which varies only within 
narrow l imits , provided the sampling and analytical technique 
follows a standard procedure. 
By means of sand culture experiments it was shown that charac-
ter is t ic changes in leaf composition exist for each deficiency, but 
that the character of the change is a function of the degree of the 
deficiency. In no circumstances may diagnosis in the field be 
based on the content of one element in the leaves, as elements 
not deficient may decrease as the result of another deficiency, 
and, further, because it has been observed that, under extreme 
conditions of a deficiency, the concentration of the deficient e le-
ment in the leaf may increase, when the growth of the palms a l -
most completely ceases . 
Qualitative diagnosis of deficiencies should be based on charac-
ter is t ic changes in leaf composition for all the elements in the 
leaves (N, P, S, K, Ca, Mg4 Mn, B, Cu, Zn). It is necessary to 
include minor element determinations as a deficiency of one of 
these may affect the concentrations of major elements, thus 
creating the possibility of a wrong diagnosis. 
By means of fert i l iser experiments, it has been shown that the 
chemical composition of t reated palms, which resulted in growth 
or production responses, is closer to the "optimal" than that of 
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the control plots. The changes in leaf composition induced by the 
fert i l iser applications correspond closely with the responses . 
The application of leaf analysis in oil palm cultivation offers 
many advantages over soil analysis on the one hand and field ex-
periments on the other, as shown by examples, given for cases of 
various deficiencies of plantations in different par ts of the Congo. 
Nevertheless, the data from field experiments and the application 
of soil analysis, in special cases , may provide useful information 
at the present stage. 
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XI. A P P E N D I X 
DETAILS ON SAMPLING AND ANALYTICAL METHODS 
a) S a m p l i n g 
A representative bulk leaf sample for a plantation block, con-
sis ts of leaflets taken from at least 20 palms in a block of 20 Ha; 
40 palms should be sampled in a 40 block Ha, etc. 
In fert i l iser experiments, all the palms per plot should p r e -
ferably be sampled. 
Only healthy palms are sampled; those, showing disease symp-
toms, replacements or s ter i les , should not be considered for 
sampling. 
Samples are taken from the youngest leaf on which the leaflets 
are fully open. Two leaflets from each side of the middle par t of 
the frond a re taken; Each bulk-sample is numbered and wrapped 
in paper to prevent contamination during the t ransport in the 
plantations. The numbers correspond with a map on which the 
location of the bulk sample is indicated. 
When the sampling is being carr ied out, the following obser-
vations should whenever possible be made: 
1) Description of the aspect of the palms; 
2) The total number of bunches and female flowers on the palms 
at time of sampling; 
3) Date of planting, numbers of palms per bloc and the production 
per Ha; 
4) General remarks concerning soil cover, water table, topogra-
phy etc. 
The sampling is always car r ied out in the rainy season and in the 
morning between 7 and 10 o'clock. 
b) P r e p a r a t i o n of t h e s a m p l e s 
All leaflets are carefully cleaned with a rag or washed, if 
necessary, with distilled water. 
From the middle of each leaflet, only 10 cm is kept for ana-
lysis . The midribs are removed and rejected. The samples are 
dried in an over for at least 6 hours at a temperature of 100°-
105° and stored in glass bottles, while awaiting analysis. 
c ) P r e p a r i n g of e x t r a c t s 
700 mg is weighed out accurately and heated in a muffle furnace, 
care being taken that the temperature does not exceed 550°. The 
ash, which is light grey in colour and slightly cintered, is cooled, 
weighed and the ash content as a percentage of dry matter cal-
culated. The ash is t ransferred into a glass tube with a flat bot-
tom, and, subsequently, 1 ml concentrated sulfuric acid and 1 ml 
nitric acid are added. The tubes are placed on a hot plate and the 
content is allowed to digest until the last t races of carbon have 
been oxidised and the digest is clear, leaving only an insoluble 
deposit of silica on the bottom of the tubes. The digest is t r ans -
ferred into a 100 ml measuring flask, diluted with distilled water 
and neutralised with caustic soda, using phenolphthaleine as indi-
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cator. 3 ml of acetic acid are added and the solution made up to 
100 ml with distilled water. Silica is filtered off, and K, P, Ca 
and Mg analysed in the filtrate, 
d) C h e m i c a l A n a l y s e s 
Potassium determination 
The following solutions are required for the determination of K: 
1) 100 gr sodium colbaltinitrite in 600 ml sodium nitrite solution, 
containing 200 gr of sodium nitrite; 
2) 8 gr of Silver nitrate in 20 ml of water; 
3) Concentrated acetic acid. 
For the preparation of the cobaltinitrite solution, usedto precipi-
tate Potassium, solution 2 is added to 1 and diluted to 800 ml with 
water. 8 ml of solution 3, is added and well mixed. The solution, 
thus obtained, is cooled and connected to a filter pump and air is 
aspirated through the solution for an hour to remove nitrous fumes. 
The solution is stored in a refr igerator for a period of 12 hours 
and filtered through a Whatman N° 42 filter paper. Immediately 
before use, the solution is centrifuged and only the supernatant 
layers used for the analysis. The reagent may be used for a 
period, nor exceeding two weeks. 
4) 30% acetene; 
5) Pure acetone; 
6) 200 ml concentrated nitric acid diluted to 1 li ter with water, to 
' which one drop of Teepol has been added; 
7) 20 gr of ammonium thiocyanate in 1 L of ethylalcohol; 
8) Standard solutions containing 20, 40, 60, 80 and 100 ppm K., 
in 3% acetic acid. 
Procedure . 
3 ml extract is pipetted into a centrifuge tube of 15 ml and made 
up with water to 5 ml. Of each of the standard solutions, 5 ml is 
pipetted into centrifuge tubes. 2 ml freshly centrifuged cobaltini-
t r i te solution are added and mixed with the contents of the tubes 
by rolling the tubes between the hands. The tubes are left for at 
least 1 hour in the refregerator for precipitation of the Potassium. 
After precipitation, the tubes are centrifuged in an M. S. A. angle 
centrifuge (for 3 minutes at 10.000 rpm). After centrifuging, the 
supernatant liquid is removed by means of a thin glass tube, con-
nected to a suction pump. The precipitate is wahed twice with 5 
ml of 30% acetone and once with pure acetone. Between each wash-
ing the tubes are centrifuged for 3 minutes and the supernatant 
acetone is removed in the way, as described above. 
The washed precipitate in the centrifuge tube is dried in an 
oven (100°) and 1 ml of the nitric acid solution added. The tubes 
a re heated on a sand bath until the precipitate has gene into solu-
tion, apart from the insoluble residue of silver chloride. 
After cooling the tubes, 8 ml of ammonium thiocyanate in a l -
coholic solution are added at 2 minute intervals. Each batch of 
determinations comprises 24 tubes, of which 8 tubes are reserved 
for the standard solutions. All determinations are made in du-
plicate. 
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The intensity of the blue colour is measuredby means of aHilger 
Spekker photo-electric colorimeter using red glass f i l ters . 
The actual K contents of the extracts a re found by comparison 
of the Spekker readings of the aliquots of the extracts with those 
of the standards. This is done by means of a graph giving readings 
as a function of K content. A se r ies of standard solution is in-
cluded in every batch. 
Phosphorus Determination 
The following solutions are required for the determination of 
Phosphorus in the extract: 
1) 25 gr ammonium molybdate in 1 L 10 N sulfuric acid; 
2) 0. 8 gr of stannous chloride in 10 ml hydrochloric acid and 
made up to 100 ml with water. This solution is made up daily; 
3) Standard solutions containing 1, 2, 3, 4 and 5 ppm P . in 3.% 
acetic acid. 
Procedure 
An aliquot of 1 ml extract is pipetted into 100 ml graduated 
flasks. This is diluted with water to + 90 ml. To the solutions 
thus obtained, 1 ml of acetic acid is added. Fur ther , at two minute 
intervals , 4 ml molybdate solution and 1 ml stannous chloride is 
added. Batches of 24 solutions comprise 6 for the standard so -
lutions (three in duplicate). The intensity of the colours is de-
termined by means of the Hilger Spekker photo-electric color i -
meter , using red fil ters. The actual percentages of Phosphorus 
are read off a graph in the same way as for the Potassium method. 
Magnesium Determination 
Solutions required: 1) Titan yellow, 0, 15 gr in 100 ml 95% ethyl 
alcohol; 
2) Sodium hydroxyde 8%; 
3) Hydroxyl amine/dextrose solution, contain-
ing 20 gr hydroxyl amine/L and 95 gr dex-
trose/^L; 
4) Standard solutions of 4, 6 and 8 ppm Mg and 
made up with a filler solution containing; 
30 ml acetic acid per liter; 
40 ppm K; 
10 ppm P; 
20 ppm Ca; 
60 gr Sodium nitrate per liter; 
52 gr Sodium sulphate. 
Procedure 
An aliquot of 1 ml extract is pipetted into a wide test tube and 
made up to 5 ml with filler solution. From the standards, 5 ml is 
pipetted. To all tubes 1 ml of hydroxylamine/dextrose solution 
is added and well mixed with the contents of the tubes. 
0,15 ml Titan yellow, immediately followed by 2 ml caustic soda, 
are added to the tubes at two minute intervals. A batch of 12 tubes 
comprises 6 standards (3 in duplicate). The colour intensities are 
compared by means of the Hilger Spekker photo-electric colori-
meter, using green glass fi l ters. The actual percentages of Mgin 
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the extracts are red off a graph in the same way as for the K and 
P determinations. 
Calcium Determination 
Solutions required: 1) Ammonia 10%; 
2) Ammonia 2%; 
3) Ammonium oxalate 4%; 
4) Sulfuric acid 2 N.; 
5) Potassium permanganate N/100; 
6) Standard solutions containing 30 and 50 
ppm Ca. 
Procedure 
An aliquot of 5 ml extract is pipetted into a 15 ml centrifuge 
tube and, subsequently, 1 ml ammonia 10% and 2 ml ammonium 
oxalate are added. The contents are well mixed by rolling the 
tubes between the hands. The precipitation of calcium takes at 
least one hour. 
After precipitation, the tubes are centrifuged during 3 minutes 
in an M. S. A. angle centrifuge (10.000 rpm). The supernatant 
luquid is sucked off by means of a thin glass tube connected to a 
vacuum pump and the precipitate is washed 3 t imes with 2% am-
monia, each t ime centrifuging for 3 minutes between the washings. 
The precipitate of calcium oxalate is dissolved in 5 ml sul-
furic acid 2/N and heated on a water bath to 80° C. 
The calcium content is determined by titration with 0.01 po-
tassium permanganate in the centrifuge tubes. The actual pe r -
centages a r e , however, not calculated as usual but determined 
graphically. Each bath of 24 tubes contains 4 standards (in du-
plicate) for this purpose. 
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S T E L L I N G E N 
I 
Het aannemen van z. g. kritieke concentraties der elementen in 
het bladweefsel van de oliepalm, als c r i te r ium voor een bemes -
tingsadvies, is onjuist. 
l i teratuur: P. Prevot en M. Ollagnier. 
Engrais mineraux et oleagineux tropicaux. 
Oleagineux, D6cembre 1953. 
H. Broeshart . 
The use of foliar analysis in oil. palm cultivation. 
Tropical Agriculture, July 1954. 
Dit proefschrift. 
II 
Orienterende bemestingsproeven met ££njarige gewassen, zijn 
voor overjarige cultures van zeer beperkte betekenis. 
Ill 
De bemestingsformule voor oliepalmen, gebaseerd op de onder-
zoekingen van Homes, heeft weinig pract ische waarde. 
l i teratuur: M. V. Homes. 
I1 Alimentation min^rale du palmier a huile. 
Publication INEAC, se r . scient. 39, 1949. 
IV 
De bepaling van de bodemvruchtbaarheid door middel van de hoe-
veelheid uitwisselbare basen, zoals dit door de INEAC wordt toe -
gepast, is , voor tropische gronden, onjuist. 
l i teratuur: INEAC, Rapports d 'exercises , 1952 et 1953. 
De conclusie van de Leenheer en van Wambeke, als zouden ve r -
schillen in vruchtbaarheid en vegetatie van de gronden in het 
Kwango-Kwilu gebied (Zuid-Congo) verklaard worden door ve r -
schillen in waterhuishouding, is aanvechtbaar. 
l i teratuur: L. de Leenheer en A. van Wambeke. 
Etude d'un axe de prospection pedologique (Kwango) 
Bui. Agr. du Congo Beige, Vol. XLV No 2, April 1954 
VI 
Bij de bodemkartering in de Belgische Congo zal men met de in-
vloed van de mens en de termieten als bodemvormende factoren 
rekening moeten houden. 
VII 
Een efficient gebruik van de resultaten der onderzoekingen in de 
oliepalm cultuur, is alleen mogelijk door internationale samen-
werking en integratie op het gebied van wetenschappelijk onder-
zoek. 
l i teratuur: S. de Blank. 
Cooperation and integration in oil palm research . 
World Crops, June 1953. 
' VIII 
Het. uitzaaien van meerdere zaden per plantplaats met het doel 
om later een gezonde plant aan te houden, is alleen aan te beve-
len als men verzekerd is van een hoog kiem percentage van het 
zaad. 
IX 
Voor het aangeven van een verband tussen twee landbouwkundige 
grootheden, zal in vele gevallen een stippenkaart een betere in-
druk kunnen geven dan een corre la t ie coefficient. 
' •••••' " X 
2 n factoren-schema's zijn niet aan te bevelen voor orienterende 
bemestingsproeven op a rme gronden. 
XI 
Het uitplanten van ongetest Dura x Tenera mater iaal is te prefe-
reren boven het gebruik van ongetest Dura x Pis i fera zaad. 
XII 
Bij de oliepalm cultuur in de Belgische Congo, moet adaptatie aan 
het milieu in de eers te plaats gezien worden als een aanpassing 
aan klimaatomstandigheden en niet aan de eigenschappen van de 
bodem. 
